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77  having  been  part  of  my  employment  for  many  years  paji  to  inflrucl 
■*  youth  both  in  the  Theoretical  and  Practical parts  of  the  art  of  Navigation, 
I  was  naturally  led  to  draw  up  rules  and  examples  fitted  to  the  years  and 
capacity  of  the  fcholar  :  Some  of  the  precepts  have  from  time  to  time  been 
altered-,  according  as  I  had  objerved  how  they  were  comprehended  by  the 
majority  of  my  pupils ;  until  at  length  I  had  put  together  a  jet  of  materials 
which  I  found  fufficient  for  teaching  this  Art, 

Upon  my  being  intrufled  by  the  Governors  of  CbriJFs  Hofpital  with  the 
care  of  the  Royal  Mathematical  School  there,  founded  by  King  Charles  the 
Second,  I  had  a  great  opportunity  of  experiencing  the  method  I  had  before 
pfed  -,  and  finding  it  fully  anfwered  my  expe  elation,  I  determined  to  print  it 
for  the  ufe  of  that  fchool :  But  as  thofe  children  are  to  be  injlruded  in  the 
mathematical  fciences,  on  which  the  art  of  Navigation  is  founded,  I  judged 
it  proper,  on  their  account,  to  introduce  the  fubjecls  of  Arithmetic,  Geometry^ 
Trigonometry,  &c. ;  and  for  this  reafon^  the  title  of  the  Elements  of  Na- 
vigation was  chofen  whereby  to  dijlinguijh  this  treatife. 

The  enfuing  work  I  have  divided  into  ten  Parts  or  Books,  each  being  a 
dijlin£f  treatife,  containing  every  neceffary  element  which  would  be  wanted 
in  the  fucceeding  articles.  The  demonjlrations  of  the  fever al  propofitions  are 
given  in  as  concife  a  manner  as  I  could  contrive,  to  carry  with  them  a  fuffi- 
cient degree  of  evidence.  Throughout  the  whole  of  the  elementary  parts,  1 
have  aimed  at  brevity  and  perfpicuity  j  but  in  the  practical  parts,  have  been 
more  full,  and,  as  I  apprehend,  have  included  every  ufefttl  particular  worthy 
the  mariner's  notice :  However,  as  I  am  fenftble  that  the  mojl  knowing  and 
careful  perfon  may  overlook  flips  in  his  own  compofitions,  which  may  be 
difcovered  by  others  ;  therefore,  at  my  requeft,  the  greate/l  part  of  the  ma- 
nuftript  was  read  and  examined  by  two  of  my  friends,  Mr.  William  Moun- 
taine,  F.  R.  S.,  and  Mr.  William  Payne,  gentlemen  well  acquainted  with 
the  fubjecl  of  Navigation  ;  who,  by  their  judicious  obfervations,  enabled 
me  to  improve  fome  articles,  for  which  I  ejleem  myfelf  much  obliged  to 
them. 

The  Reader  will  find  in  almojl  every  book  a  canfiiderable  deviat'un,  in 
point  of  method,  from  mofi  authors :  In  the  elementary  parts,  where  it  is 
no  eafy  matter  to  introduce  new  Subjecls,  there  tvill  be  found,  hoivever,  the 
tpld  ones  treated  of  in  a  manner  which,  it  is  apprehended,  is  better  adapted  to 
beginners,  and  even  fuch  niw  lights  thrown  on  fever  al  particulars,  as  will 

render 
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fender  them  more  eafy,  than  in  the  vleiu  wherein  they  have  been  hitherto 
feen. 

The  Maritime  parts  of  this  work,  contained  in  the  Vlth,  Filth,  and 
IXth  hooks,  are  delivered  in  a  manner  fomeivhat  different  from  that  of 
other  writers  on  this  fubjedl  :  Who,  for  ths  mofi  part,  copying ,  from 
one  another,  may  be-  pe7-haps  one  reafon  why  the  art  of  Navigation 
has  heen  fo  little  improved  within  the  lajl  1 50  years  ;  for  excepting  what 
Norwood  and  Halley  have  done,  the  art  feems  much  in  the  fame  Jlate  in 
which  Wright  left  it  :  However,  I  apprehend  that  the  proper  judges  will, 
from  the  method  I  have  taken,  find  fome  few  improvements,  if  not  in  the 
art  itfelf,  at  leafl  in  the  manner  of  communicating  it  to  learners. 

The  treafife  of  Fortification  annexed  to  this  work,  is  the  refult  of  many 
years  application  ;  and  as  I  thought  fuch  a  piece  might  be  advantage- 
ous to  the  Gentlemen  of  the  Navy,  as  well  as  to  the  children  of  the 
Mathematical  School,  I  judged  it  would  not  be  unacceptable.  In  this  treatife 
I  have  alfo  taken  a  track  very  different  from  what  other  writers  have  pur- 
fued ;  for  among  the  multitude  which  I  have  feen,  they  all  begin,  as  near  as 
I  can  recollecl,  with  the  fortifying  of  a  town,  the  mofil  difficult  part  of  the 
art,  and  end  with  works  that  are  the  mofi  eafy  to  contrive  and  execute  : 
However,  I  have  ventured  at  beginning  with  the  works  of  the  fmplejl  con- 
flruclion,  and  proceeded  thence,  through  the  different  gradations,  to  the  for- 
tifying a  town  :  And  although  the  fmall  limits,  to  which  I  have  confined 
myfelf,  have  indeed  obliged  me  to  be  very  Jhort  in  fome  articles,  and  totally 
to  omit  many  others ;  neverthelefs  I  conceive,  that  in  its  prefent  fldte  it  may 
be  of  confiderable  life  to  mariners,  and  even  furnijh  fome  hints  hot  altogether 
unworthy  the  notice  of  the  Gentlemen  of  the  Army;  to  whom  I  may,  perhaps, 
fome  time  hence,  prefent  a  much  larger  work  on  this  fubjecl,  Jhould  this  meet 
wiih  their  approbation. 

I  have  always  thought,  that  the  chief  motives  which  ought  to  induce  a 
per/on  to  appear  as  an  author,  Jhould  be,  either  the  having  fomething  new 
to  publijh,  or  fome  new  lights  to  throw  on  thofe  already  publijhed  j  in  either 
of  thefe  cafes  he  cannot  be  a  proper  judge,  unlej's  he  has  feen  the  pieces  al- 
ready extant  on  that  fubjecl ;  or  at  leaf,  thofe  of  the  mofi  eminent  authors 
in  the  feveral  preceding  ages  :  On  this  account  I  was  led  to  examine  what 
had  been  done  by  the  different  writers  on  the  fubjecl  of  Navigation  ;  and 
having  perufed  almofi  every  book,  wherein  that  art  had  been  handled,  of 
which  I  tould  get  information  (and  1  believe  few  have  efcaped  my  enquiry), 
I  drew  Up  for  my  own  amufement  an  account  of  thofe  feveral  works;  where- 
by I  had  an  opportunity  of  difcovering  the  Jhps  by  which  this  art  has  rifen 
to  its  prefent  perfeclion,  and  confequently,  of  knowing  the  mofi  material 
parts  of  the  hijlory  of  its  progrefs  ;  and  this  enabled  me,  among  other  things, 
to  rcclify  one  miflake  which  has  crept  into  mofi  of  the  modern  books  of  Navi- 
gation ;  which  if,  that  f,f/rigbt,s  invention  of  making  a  true  fea-chart  wax 
ftolen  by  Mertator,  and  publijhed  as  his  own.  I  fufpecl  this  flory  had  its 
Hfe  from  a  book  printed  in  the  year  1675  by  Edward  Sherburne,  intitled 
the  fphere  of  Marcus  Manilius  made  an  Englijb  poent,  with  annotations' 
and  an  ajlronom'tcal  appendix* 

In 
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In  the  catalogue  of  ajlronomers,  in  page  86,  the  author  fays :  *c  Mr. 
u  EpWABD  Wright,  contemporary,  xvith  Mr.  Briggs  before  mentioned, 
"  having  fpent  fome  time  in  Cambridge,  and  being  naturally  addicled  to 
*'  Mathematical  Studies,  was  perfuaded  to  accompany,  and  went  along 
■"  with  the  Right  Honourable  George  Earl  of  Cumberland,  in  his  ex- 
"  pedition  to  the  Azores?  in  the  year  1589,  on  purpofe  to  add  the  praclice 
6<  of  Navigation  to  the  theory;  and  in  the  year  1599,  he  publijhed  his  book 
fi  called  the  Errors  in  Navigation.  A  mojl  excellent  work  for  the  true 
•c  defcribing  a  fea-chart ;  which  invention  of  his,  Gerardus  Mercator  pub- 
&6  Itfhed,  without  owning  the  author" 

Now  the  faEl  is,  that  Gerard  Mercator,  about  the  year  1550,  publijhed  a 
Map  of  the  world,  wherein  the  degrees  of  latitude  ivere  increased  from  the 
equator  towards  the  poles  ;  and  hence  it  was,  that  charts  with  the  degrees  of 
latitude  increajing,  were  called  Mercator  s  charts.  Mr.  Wright,  it  is  likely, 
was  born  about  the  year  1560,  he  being  admitted  of  Caius  College,  Cam- 
bridge, about  the  year  1582,  and  about  the  year  1590,  communicated  to 
fome  acquaintance  the  principles  upon  which  the  degrees  of  latitude  Jhould 
be  increafed ;  and,  among  others,  to  fodocus  Hondius,  a  map-graver,  wha 
going  to  Holland,  publijhed  the  method  without  the  author's  confent ;  and  of 
this  Wright  complains  in  the  preface  to  his  Errors  in  Navigation.  But  be- 
fore this  was  publijhed,  Mercator  died,  in  the  year  1594,  and  it  does  not 
appear  that  he  had  done  any  thing  in  the  latter  years  of  his  life$  therefore 
it  is  not  probable  that  any  of  Wright's  inventions  could  have  been  publijhed 
by  Gerard  Mercator.  Mr.  Wright  died  about  the  year  16 16,  and  Nicholas 
Mercator,  he  who  fquared  the  hyperbola  about  52  years  afterwards,  and 
the  per  Jon  charged  by  fome  of  the  writers  on  Navigation  with  the  forejaid 
theft,  does  not  appear  to  have  had  any  other  concerns  with  Navigation,  than 
the  offering  to  lay  a  wager  about  the  demonflration  of  the  logarithmic  tan- 
gents being  analogous  to  the  meridional  parts :  So  that  thejlory,  intended  to 
affert  Wright's  invention  (which  was  undoubtedly  his  own,  Mercator 's  de- 
grees not  being  increajed  in  their  true  proportion),  contains  fuch  a  variety  of 
abjurdities,  as  could  never  have  arijen  but  by  trujling  to  hearfay  opinions, 
originally  fpread  from  mijconceiving  Wright's  own  account. 
■ 
I  have  taken  fome  pains  to  fettle  this  affair,  and  hope  it  will 
afford  entertainment  to  the  curious  in  thefe  matters,  as  well  as  give  a 
caution  to  thoje  who  may  hereafter  thufe  to  mention  the  inventors  of  the 
Mercator 's  chart. 


Chrift's  Hofpital, 
December  24,    1753, 
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ADVERTISEMENT. 

AS  it  may  be  expected  that  four  kinds  of  readers  will  look  into  this 
book,  it  was  thought  convenient  to  point  out  to  fome  of  them, 
the  places  where  they  may  meet  with  what  they  more  particularly  want. 

First.  Thofe  who  having  made  a  proficiency  in  the  mathematics, 
will,  it  is  likely,  examine  in  what  manner  the  fubje&s  are  here  treated, 
and  whether  any  thing  new  h  contained  therein  :  It  is  conceived  that 
fuch  readers  will  find  fome  things  which  may  recompence  them  for  their 
trouble,  in  almoft  every  one  of  the  books. 

Secondly.  Thofe  learners  who  are  defirous  of  being  inftruQed  in  the 
art  of  Navigation  in  a  fcientific  manner,  and  would  chufe  to  fee  the 
reafon  of  the  feveral  fteps  they  muft  take  to  acquire  it :  To  fuch  per- 
fons,  it  is  recommended  that  they  read  the  whole  book  in  the  order 
they  find  it:  Or,  if  the  learner  is  very  young,  he  may  omit  the  fourth 
book  till  after  he  is  mafter  of  the  fifth  and  fixth.  Adult  perfons,  and 
thofe  under  the  direction  of  a  mafter,  may,  if  they  pleafe,  read  the 
VHIth  book  immediately  after  the  Vth  j  and  read  the  Vlth,  Vllth  and 
IXth  books  in  fucceffion. 

Thirdly.  That  clafs  of  readers,  which,  with  too  much  truth  may 
be  fatd,  comprehends  moft  of  our  mariners,  who  want  to  learn  both  the 
Elements  and  the  Art  itfelf  by  rote,  and  never  trouble  themfelves  about 
the  reafon  of  the  rules  they  work  by  :  As  there  ever  will  be  many 
readers  of  this  kind,  they  may  be  well  accommodated  in  this  work ;  thus, 
if  they  are  not  already  acquainted  with  Arithmetic  and  Geometry,  let 
them  read  the  five  firft  rules  of  Arithmetic,  to  page  20th;  thence  pro- 
ceed to  the  definitions  and  problems  in  Geometry,  from  page  42  to  55. 
In  the  book  of  Trigonometry,  read  pages  83,  84,  85,  86.,  92,  93,  and 
from  98th  to  108th  :•  The  whole  of  book  V.  In  book  the  Vlth  he  may 
read  to  page  267,  and  as  much  more  as  he  pleafes.  In  book  VII,  let 
him  read. the  fections  III,  IV,  V,  VI,  from  page  368  to  page  407.  In 
book  VIII  he  may  read  fedtion  III,  and  as  many  problems  in  the  Vth 
-and  Vlth  fe&ions  as  he  can. ;  and  let  him  read  the  whole  of  the  ninth 
book. 

Fourthly.  That  fet  of  Readers  who  will  not  be  at  the  pains  of 
learning  any  thing  more  than  how  to  do  the  practice  of  a  Day's  work : 
Such  may  herein  meet  with  the  practice  almoft  independent  of  other  know- 
ledge. Let  fuch  perfons  make  themfelves  acquainted  with  fe£tion  VIII 
of  book  V,  and  the  ufe  of  the  table  at  page  200  ;  then  learn  the  ufe  of 
the  Traverfe  table  at  the  end  of  book  VI,  which  he  will  find  exemplified 
between  pages  243  and  274 ;  alfo  he  muft  learn  the  ufe  of  the  Table  of 
meridional  parts  at  page  423  :  After  which,  he  may  proceed  to  book  IX, 
where  he  will  find  ample  inftru<Stions  in  all  the  particulars  which  enter 
into  a  Day's  work.  But  as  with  this  fcanty  knowledge  of  things  he  will 
not  clearly  fee  every  part  of  book  IX,  he  may  omit  the  articles  1059, 
1^1,  nc6,  and  theXIth  and  Xllth  fe&ions. 
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18 

37 


(for  prefent) 
S.  140  55' 

Weft 
lighthoufes 
folution 


290     8.  32  SW.  b.W. 
SE. 
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28 

397 

1 
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14 
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30 

46S 

3? 
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22 
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28 
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39 
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29 
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H 

20.    22 
23 


read 
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OF    ARITHMETICK. 


SECTION    I. 

Definitions  and   Principles. 


m 

or 

me    * 

RITHMETIC  is  a  fcience  which  teaches  the  properties  of  num- 
bers; and  how  to  compute,  or  eftimate  the  value  of  things. 
2.  An  Unit  or  Unity,  is  any  thing  confidered  as  one. 

3.  Number  is  many  units. 

4.  Dig-its  or  Figures  are  the  marks  by  which  numbers  are  denoted 
or  exprefled,  and  are  the  nine  following. 

Digits,      i.         2.  3.         4.          5.       6.         7.  8.  9. 

Names,  One.  Two.  Three.  Four.  Five.   Six.    Seven.    Eight.    Nine. 
And  with  thefe  there    is    ufed  the  mark  o,    called    cypher,  which  of 
itfelf  ftands  for  nothing  ;  but  being  annexed  to  a  digit  alters  its  value. 
Thus  4©  fignifies  forty  :  and  400  ftands  for  four  hundred,  Sec. 

5.  Integer,  or  Whole,  Numbers,  are  fuch  as  exprefs  a  number 
of  things,  whereof  each  is  confidered  as  an  unit. 

Thus  four  pounds, ,  twelve  miles,    thirty  four  gallons,  one  hundred 
days   &c.  is  in  each  cafe  called  an  integer  number,    or  whole  number. 

6.  Fractional  Numbers,   are  fuch  which  exprefs  the.  value  of 
fomepart  or  parts  of  an  integer  unit. 

Thus  one  half,  one  quarter,  three  quarters,  kc.  are  each  the  fractional 
parts  of  an  unit. 


2 


7.    NOTA- 


s  ARITHMETIC! 

7.  Notation  is  the  exprefling  by  digits  or  figures  any  number  pro- 
pofed  in  words  ;  and  the  reading  of  any  number  that  is  expreffed  by 
figures,  is  called  Numeration. 

8.  Decimal  Notation  is  that  kind  of  numbering  wherein  ten  units 
of  any  inferior  name  are  equal  in  value  to  an  unit  of  the  next  fuperior. 

9.  Every  number  is  faid  to  eonfift  of  as  many  places  as  it  contains 
figures-. 

10.  The  value  of  every  digit  in  any  number  is  changed  according  to 
the  place  it  ftands  in  :  and  the  reading  of  any  number,  coniifts  in  giving 
to  each  figure  therein  its  right  name  and  value. 

11.  The  right  hand  place  of  an  integer  number  is  called  the  place  of 
Units;  and  from  this  place  all  numbers  begin,  whether  whole  or  frail 'tonal uf 
the  integers  increafing  in  the  order  from  the  unit  place  towards 
the  left ;  and  the  fractions  decreafing  in  the  order  from  the  unit  place 
towards  the  right :  And  to  diftinguifli  decimal  fractions  from  integers, 
there  is  always  a  point  or  comma  ( , )  fet  on  the  left  hand  fide  of  the 
fractional  number ;  fo  that  the  integers  ftand  on  the  left  hand  fide  of 
the  mark,  and  the  fractions  on  the  right  hand. 

12.  For  the  more  convenient  reading  of  numbers,  they  are  divided 
into  periods  of  fix  places  each,  beginning  at  the  unit  place  -  and  each 
period  into  two  degrees  of  three  places  each,  whofe  names  and  order 
are  as  follows  :  Where  X  ftands  for  the  word  tens,  C  for  hundreds,  and 
Th.  for  thousands. 

13.  .  Integers  Decimal  fraction* 

1 — ^ »     r~ ** — s ; • 

Second  period      Firlt  period      Firft  period     Second  period 

c '*& >  1 -^ >  1 -*• 1  1 -^ 1 

Degree  Degree  Degree  Degree  Degree  Degree  Degree  Degree 

7—  • — 1  ;— 3    oo    eo    <n     c    C     G  T3  '"OGCC^-I'-'^E  —  ^  -EI    - 

JS  •  •  •  —  "^ooofic--ccooo=!  —  m^r  •  •—  . 
543212345678  9,  876543212345 


Decimal  Fractions  are  alfo 
thus  named,  )   e  o  s  ^f  S^„sS  >»  u 


•t:  jc  "j  2  c  i£ 


The  name  of  the  firft  period,  is  units  ;  of  the  fccond,  millions  ;  of  tire 
third,  Billions  j  of  the  fourth,  Trillions;  &c. 

In  the  above  order  it  may  be  obferved,  that  each  degree  contains  the 
names  of  Units,  Tens,  Hundreds  ;  the  firft  degree  of  a  period  contains  the 
units  of  that  period,  and  the  fecond  contains  the  thoufands  thereof:  So 
that  from  hence  it  will  be  eafy  to  read  a  number  confifting  of  ever  fo 
many  places  by  the  following  directions. 

14.  Rule 


ARITHMETICS  3 

14.  Rule,  ift.  Suppofe  the  number  parted  into  as  many  fets  or  degrees 
of  three  places  each,  beginning  at  the  unites  place,  as  it  will  admit  of; 
and  if  one  or  two  places  remain,  they  will  be  the  units  and  tens  of  the. 
next  degree. 

2d.  Beginning  at  the  left  hand,  read  In  each  degree,  as  many  hun- 
dreds, tens  and  units,  as  the  figures  in  thofe  places  of  the  degree  exprefs, 
adding  the  name  thoufands,  if  in  the  fecond  degree  of  a  period ;  and 
adding  the  name  of  the  period,  after  reading  the  hundreds,  tens  and 
units  in  its  firft  degree. 

Thus  the  integer  number  in  the  preceding  table  will  be  read. 
Five  billions,  four  hundred  thirty   two   thou/and?    one   hundred  twenty 
three  millions,  four  hundred  fifty  fix  thou  find,  feven  hundred  eighty  nine. 

15.  AH  fractional  numbers  confiff.  of  two  parts,  which  are  ufually 
wrote  one  above  the  other  with  a  line  drawn  between  them  :  The  num- 
ber below  the  line,  called  the  denominator,  fhews  into  how  many 
equal  parts  the  unit  is  divided  :  The  number  above  the  line  called  the 
numerator,  fhews  by  how  many  of  thefe  equal  parts  the  value  of  that 
fraction  is  exprefTed. 

Thus  9  pence,  is  9  parts  in  twelve  of  a  milling  ;  and  may  be  wrote 
thus  j\9  when  a  milling  is  the  unit. 

16.  Such  fractions  whofe  denominators  are  10,  or  100,  or  1000,  or 
1 0000,  or  IOGOOO,  &c.  are  called  decimal  fir  aflkns :  But  fractions  with 
any  other  denominators,  are  called  vulgar  fractions. 

The  vulgar  fractions  that  moft  frequently  occur,  are  thefe. 

I  which  is  read  one  fourth  or  one  quarter. 

i  —  -  .  _  _  one  third 

i  -  —  —  _  one  half 

I  -  -  —  —  two  thirds 

|  -----  -  three  fourths,  or  three  quarters. 

17.  As  decimal  fractions  are  parts  of  an  unit  divided  into  either 
10,  100,  1000,  1 0000,  &c.  parts,  according  to  the  places  in  the  frac- 
tional number  ;  therefore  they  are  read  like  whole  numbers,  only  calling 
them  fo  many  parts  of  10,  or  of  ioo,  or  of  1000,  &c. 

!one  -j  P       10,  Ten 

S™  (places,  will  be  fo  \      I00>  "^r^ 

three  >r        *  c        J    iooo,  Thoufand 

four  f  mafly  Parts  of        )  xoooo,  Ten  thoufand 

&c.  J  L     &c. 

18.  Cyphers  on  the  right  hand  of  integers  increafe  their  value;  on 
.the  left  hand  of  a  decimal  fraction  diminifh  its  value  :  But  on  the 
left  hand  of  integers,  or  on  the  right  hand  of  fractions  do  not  alter 
their  value. 

B  2  Thus 
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Thus 


8  is  %  units 
80     8  tens 
800   8  hundreds 


0,8     is   8  parts  in   10      ?of  an  unk 
And  I  o,  08        8  parts  in   too    Sfodivided< 
o,  000      8  part:  in   loco  j 


When  a  fraction  has  no  integer  prefixed,  it  is  convenient  to  put  0  in 
the  place  of  units. 

19.  A  Mixed  Number,  is  when  a  fraction  is  annexed  to  a  whole 
number. 

Thus  five  and  a  half  is  called  a  mixed  number,  and  is  wrote  5  f ,  or 
thus  5,  5  ;  which  is  thus  read,  five  and  five  tenths. 

20.  Like  names  in  different  numbers,  are  fuch  figures  as  ftand 
equally  diftant  from  the  place  of  units  j  or  have  the  fame  denomina- 
tions annexed  to  them. 

Thus  all  numbers  of  pounds  fterling  are  like  names,  and  fo  are  all 
numbers  of  {Hillings  ;  the  like  of  any  numbers  of  miles,  &c. 

.21,  Befides  the  decimal  notation  explained  in  article  8;  there  are 
other  kinds  in  common  ufe ;  fuch  as  the  duodecimal,  wherein  every 
fuperior  name  contains  12  units  of  its  next  inferior  name  :  The 
Sexagenary,  or  Scxagffimal,  wherein  60  of  an  inferior  name  make  one 
of  its  next  fuperior.  The  former  is  ufed  by  workmen  in  the  mea- 
furing  of  artificers  works  in  building  ;  and  the  latter  is  ufed  in  the 
divifion  of  a  Circle,  and  of  Time. 

22.  The  following  characters  or  marks  are  frequently  ufed  in  Arith- 
metical computations,  briefly  to  exprefs  the  manner  of  operation. 

The  mark  -f-  (more)  belongs  to  addition  ;  and  fhews  that  the  num- 
bers it  ftands  between  are  to  be  added  together. 

Thus  12  -f-  3,  exprefTes  the  fum  of  12  and  3;  or  that  3  is  to  be  added 
to  12,  and  is  thus  read,   12  more  3. 

The  mark  -  (lefs)  is  for  fubtraclion  ;  and  fhews  that  the  number 
following  it,  or  on  the  right  hand,  is  to  be  taken  from  the  number  pre- 
ceding it,  or  on  the  left  hand. 

Thus  12  —  3,  exprefTes  the  difference  between  12  and  3 ;  or  that  3  is  to 
be  fubtracled  from  1 2,   and  is  thus  read,   1 2  lefs  3. 

The  mark  x  (into)  for  multiplication,  fhews  that  the  numbers  on 
each  fide  of  it,  are  to  be  multiplied  the  one  by  the  other. 

^  Thus  12  x  3,  denotes  the  product  of  12  into  3 ;  or  that  12  is  to  be  mul- 
tiplied by  3. 

Divifion  is  exprcfTed  by  fetting  the  divifor  under  the  dividend  with  a 
line  drawn  between  them,  like  a  fraction. 

Thus  ~,  exprefTes  the  quotient  of  12  by  three  j  or  that  12  is  to  be  di- 
vided by  3. 

This  fign  r=  (equal)  fhews  that  the  refult  of  the  operation  by  the 
numbers  0T1  one  fide  of  it,  is  equal  either  to  the  numbers  on  the  other 
fide,  or  to  the  rcfuit  of  the  operation  by  thefe  numbers. 

Thus  12-4-  3  £=  1 5  ;  and  12  —  3=9;  and  1 2  x  3  =  36  3  and  '/  =  4 ; 
feverally  (hews  the  values  of  the  preceding  exprcflions. 

Tables 
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Tables  of  English  Money,  Weights  and  Measures. 


•Money. 
Farthings      Pence      Shill.     Pound 
960   =  240   =    20  =:   1^ 
48    =     12   =      is 
4   =      id 
Note,  i,  2,  3,  farthings  are  thus  wrote 


Averdupoize  Weight. 
Drams   Ounces  Pounds  Hund.  Ton 
573440=35840=2240=   20  =  1 
28672==  1792=  112=     iC 
256=       16=       1  lb 
16=         1  oz 
Note,  Provifions, Stores  &c.  are  weighed 
by  this. 


Dry  Measure. 
Pints  Gall.  Pecks  Buih.  Quarter 
5 1  2  =64  =  3  2  =  8  =  I 
64  =   8=4=1 
16=2=    I 
8  =   1 
Note,  4  bufh.  =  1  Comb :  10  qrs.  =1 
Wey,  12  Weys  =  1  Laft  of  Corn. 
36  Bufhels  =  1  Chaldron  of  Coals. 


Troy  Weight. 
Grains  pennyw1.    ounces  Pound 
5760    ==240=    12=    ilb. 
480    =    20  =      1  oz. 
gr.  24    =      1  dwt. 
Note,  Gold  and  Silver  are  weighed  by 
Troy  Weight. 


Wine  Measure. 
Solid  inch  Pints  Gall.  Hoglh.  Pipe  Tun 
58212  =2016  =  252=  4  =  2  =  1 
29106  =  1008  =  126  =  2  =  1  P. 
H?S3  =    5°+=   6"3=iHhd. 


231  =        8  = 


42  =  1  Tierce 
84  =  1  Puncheon 


Cloth  Measures. 


4  Nails 

4  Quarters 

5  Quarters 
3  Quarters 

6  Quarters 


=  1  Quarter  of  a  Yard 
=  I  Yard. 
=  1  Englim  ell. 
=  1  Flemifh  ell. 
=  1  French  ell. 


Long   Measure. 

Barly  corns     Inches        Feet      Yards       Poles     Furl. 
190080  =  63360  =  5280=  1760  =  320  =  8  = 
23760  =    7920=    660=  .220=    40=1 
594  =      198=    i6f  =     5f  =      1 
108  =        36=       3  =       1 
36  =        12=       1 

3  =  « 

Alfo  3  miles  make  1  League. 
And  20  leagues  or  60  Sea  miles  make  a  degree. 
But  a  degree  contains  about  69  \  miles  of  ftatute  meafure. 
A  Fathom  =  6  feet  =  2  yards, 


Mile 
1 


Ti 

ME. 

Seconds 

Minutes 

Hours 

Days 

Year 

3'556937 

— 

525948 

— 

8766    = 

365  1 

=  1 

86400 

= 

1440 

= 

24    = 

1  da. 

3600 

— 

60 

= 

1  ho. 

60 

; — : 

1 

Pence  Table. 
Pence  Sh.  Pence  Pence  Sh.  Pence 


zo  =  1 

30  =  2 
4°  =  3 
5°  =4 
60  =  5 


=  6 


70 
80 
90  =7 

100  =  8 
110  =  9 


Even  parts  of  a  Pound  Sterling. 

d 

6 

4 

3 


SECTION 
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SECTION    II.    ADDITION. 

Addition  is  the  method  of  colletting  fever al  numbers  into  one 
fum. 

Rule,  ift.  Write  the  given  numbers  under  each  other,  fo  that  like 
names  ftand  under  like  names ;  that  is,  units  under  units,  tens  under 
tens,  &c.  and  under  thefe  draw  a  line. 

2d.  Add  up  the  firft  or  right'  hand  upright  row,  under  which  write 
the  overplus  of  the  units  of  the  fecond  row,  contained  in  that  fum. 

3d.  Add  thefe  units  to  the  fum  of  the  fecond  row,  under  which  write 
the  overplus  of  the  units  of  the  third  row,  contained  in  that  fum. 

And  thus  proceed  until  all  the  rows  are  added  together. 

Examples. 


Ex.  I.  Add  28 76 47 18  and  1 2  together. 

Now  the  numbers  being  wrote  under  each  other  will  ftand  thus. 
Say  2  &  8  is  10,  and  7  is  17,  and  6  is  23,  and  8  is  31  ;  then  becaufe 
10  units  in  the  right  hand  row,  make  an  unit  in  the  next  row; 
therefore  in  31  there  are  3  units  of  the  fecond  row,  and  an  over- 
plus of  1 ;  write  down  the  1,  aftd  add  the  3  to  the  fecond  row, 
faying;  3  that  is  carried  and  1  is  4,  $1 1  is  5,  and  4  is  nine,  &  7  is 
16,  and  2  is  18,  in  which  is  one  unit  of  the  third  row  (had  there 
been  one)  and  an  overplus  of  8 ;  write  down  the  8,  and  add  the  1 
third  row  :  But  as  there  is  no  third  row,  the  1  carried,  muft  be  wrote  oi> 
the  left  hand  of  the  8 ;  and  181  will  be  the  fum  of  the  five  given  numbers^ 


28 

76 

47 
18 

12 

to  the 


Ex.  II.    Add  476 
18329  -  -  290-  ■ 
and  46  together. 


IS 


The  Sum 


3784-- 
.-7638- 

476 

3784 
18.329 

290 

75 

7638 

_ 46 

30638 


Ex.  IV.  Add  thefe  numbers  together. 

372^45 

25,0036 
4179,802 
3,6284 


Sum          7928,8840 


Ex.  III.  Add  the  numbers.  10768  * 
3489-  -  28764--  289.-643$ 
19  and  438  together. 

10768 

3489 

28764 

289 

6438 

19 

438 


The  Sum 


50205 


Ex.  V.  Add  the  following  numbers 
together. 

15836,071 
20,09 

34.7 
583,27008 


I 


Sum    16474,13108 


In 
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In  the  two  laft  examples,    where  are  integer  numbers  and  fractional 
numbers,  it  may  be  obferved,  that  like  integer  places,  and  like  fractional 
places  ftand  under  each  other ;    and  the  manner  of  adding  them  together 
is  the  fame  as  explained  in  the  firft  Example. 

25.  It  frequently  happens  that  numbers  are  to  be  added  together,  whofe 
names  do  not  increafe  in  a  tenfold  manner  as  in  the  laft  Examples ; 
fuch  as  in  adding  different  fums  of  money,  weights  or  meafures;  in 
which,  regard  is  to  be  had  to  the  number  of  thofe  of  a  lower  name, 
contained  in  one  of  its  next  greater  name,  as  fhewn  in  the  preceding 
tables :  Examples  of  which  follow. 


Ex.  VI.  Add  the  following  fums  of 
money  together. 

353      H      8£ 
276       10 

89       17 
34       12 


4 

5* 

104 


754 


4t 


Ex.  VII.  Add  the  following  fums  of 
money  together. 


£ 

s 

d 

7683 

08 

*% 

954 

'9 

9f 

682 

10 

7| 

f>3 

\f 

6^ 

9384 

H 

H 

In  thefe  two  examples,  the  carriage  is  by  4  in  the  farthings  j   by    12  in  the 
pence  ;  by   20  in  the  {hillings,   and  "by  10  in  the  pounds. 


Ex.  VIII.  Add  the  following  Troy- 
Weights  together. 

lb        oz        dwf.  gr. 

218        10  13  18 

176         9  19  23 

85        it  17  11 

24         8  15  21 


5°< 


5 


07 


01 


Carry  for  24,  20,  12  and  10 

Ex.  X.    Add  the  following  farts  of 
Time  together. 
Weeks    Da.     Ho. 
21         4         j8 
11         6        13 

10        3         23 
38        4        08 


Min. 
37 
25 
59 
22 


91 


16" 


.25 


Sec. 

59 
47 
28 

_39 

53 


Carry  for  60.  60.  24.  7.  10 


Ex.  IX.  Add  the  following  Averdu- 
poize  Weights  together. 

Tons     C  vvt.     qrs     lb  oz 

535        l7        3     22  »i 

94        19         V    27  »3 

158        12        o     18  15 

7        15         2     13  08 


797        05 


26" 


»5 


Carry  for  16.  28.  4,  20.  10 

Ex.  XI.  Add  the  following  parts  of  a 
Circle  together. 


Deg. 

.  ' 

// 

/// 

ir 

176 

32 

59 

43 

25 

*5 

59 

27 

3i 

59 

114 

28 

45 

59 

H 

67 

12 

3« 

24 

47 

444 

»3 

51 

39 

25 

Carry  for  60.  60.  60.  60.  10. 


Explanation  of  Example  VI. 
Three  farthings  and  1  farthing  is  4  farthings,  and  2  farthings  is  6  far- 
things; which  is  a  penny  halfpenny,  fet  down  §  and  carry  1. 

Then  1  and  10  is  11,  and  5  is  16,  and  4  is  20,  and  8  is  28  pence  ;  which 
is  2  millings  and  4  pence ;  fet  down  4  and  carry  2. 

Again  2 and  12 is  14, and  17  is  31,  and  10  is  41,  and  14  is  55  (hillings; 
which  is  2  pound  15  {hillings;  fet  down  15  fhillings  and  carry  2  pound. 
The  reft  is  eafy, 

SECTION 
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SECTION    III.    SUBTRACTION. 

Subtraction  is  the  method  of  taking  one  number  from  another ^ 
and /hewing  the  remainder,  or  difference,  or  excefs. 

The  fubducend  is  the  number  to  be  fubtra&ed,  or  taken  away. 

The  minuend  is  the  number  from  which  the  fubducend  is  to  be 
taken. 

Rule,  ift.  Under  the  minuend  write  the  fubducend,  fo  that  like 
names  ftand  under  like  names  ;  and  under  them  draw  a  line. 

2d.  Beginning  at  the  right  hand  fide,  take  each  figure  in  the  lower 
line  from  the  figure  ftanding  over  it,  and  write  the  remainder,  or  what 
is  left,  beneath  the  line,  under  that  figure. 

3d.  But  if  the  figure  below  is  greater  than  that  above  it,  increafe  the 
upper  figure  by  as  many  as  are  in  an  unit  of  the  next  greater  name  ; 
from  this  fum  take  the  figure  in  the  lower  line,  and  write  the  remainder 
under  it. 

4th.  To  the  next  name,  in  the  lower  line,  carry  the  unit  borrowed : 
And  thus  proceed  to  the  higheft  denomination  or  name. 


Ex.  I. 


Examples. 

From     436565874  the  minuend. 
Take     249853642  the  fubducend. 


Remains     186712232    the  difference. 


Here  the  5  figures  on  the  right  of  the  fubducend  may  be  taken  from  thofe 
over  them :  But  the  6th  figure  viz.  8  cannot  be  taken  from  the  5  above  it. 
Now  as  an  unit  in  the  7th  place  makes  10  in  the  6th  place,  therefore  bor- 
rowing this  unit  makes  the  5,  15  ;  then  fay  8  from  15  leaves  7,  which  fet 
down;  and  fay  1  carried  and  9  is  10,  10  from  6  cannot,  but  10  from  16 
leaves  6,  fet  it  down ;  then  1  carried  and  4  is  5,  5  from  13  leaves  8,  fet 
it  down  :  then  1  carried  and  2  is  3,  3  from  4  leaves  1. 


Ex.  II.    From 
Take 

Remains 


Ex.   IV.  From 
Take 

Leaves 


Ex.  VI.   Borrowed 
Paid 

Remains 


7620908 
3875092 

37458*16 


30007,295 
2536,876 

27470,419 


'£    *    d 

24  14  6  £ 

'8   »-  4-1 
6  02  2  1 


Ex.  III. 


From 
Take 


327,9563 
49,8697 


Remains         278,0866 


Ex.  V.     From  5000, 

Take  479,6378 


Leaves  4520,3622 


£      '     d 
Ex.  Y II.  Lent  294  15    9  I 

Recehvd      89   18   10  ^ 

Remains    204  1 6  1  o  £ 

Hix.  viii. 
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Ex.  VIII.   In  Sexagefmals. 

o        /        //       ///  iv 

From     76      28      37     49  32 

Take      65      29      t6      53  4$ 

Leaves  10     59     20      55  47 
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Ex.  IX.    In  Sexagefmals. 

o  /        //       ///  iV 

From      21?  46      32      50  18 

Take       149  52      47      53  29 

Leaves     68  53     44     56  49 
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Questions  to  exercife  Addition  and  Subtraction. 


Quest.  I.  The  Jhare  of  Jack's  Quest.  II.  Tloe  Spanijb  invafion 
prize  money  was  148^.  ij  s.  6d.  f ;]  was  in  the  year  1588,  and  the  French 
And  Tom   received  as  much,  bejide    attemptedan  invafion  in  the year  17 44:, 


jjT.  iSs.  fmart  money  :    How  much 
money  did  Tom  receive  f 


Tom's  prize  money 
fmart  money 

Tom's  fhare 


jr.  s.  d. 

148  17  6  f 

7  18  o 

156  15  6  § 


Quest.  III.  What  year  was  King 
George  horn  in,  he  being  67  years  old 
in  the  year  1 749  i 


Current  year 
Age 

Year  born  in 


*749 
67 

1682 


Quest.  V.  A  feaman  who  had 
received  46  £.  ijs.  6  d.  for  wages, 
frize  money,  &c.  meeting  tvith  bad 
company  was  tricked  out  of  '18  guineas 


quired  whether  he  can  fulfil  his  inten- 
tions ^  and  what  will  the  difference  be  f 


Money  loft 
Wife's  debt 
Landlady's  bill 


How  many  years  were  between  ihefe 
fruitlefs  attempts  ? 


French 
Spanifh 


1744- 
1588 


Years  between     156 


Quest.  IV.  Two  Jhips  depart 
from  the  fame  port,  one  having  failed 
835  miles,  is  got  48  miles  a- head  of 
the  other  :  Required  the  aftermoji 
./hip's  dijlance  ? 

Tne  firft  {hip's  diftance    835 
Their  difference  48 

Second  fhip's  diftance      787 

Quest.  VI.  Will  and  Frank  talk- 
ing of  their  ages  in  the  year  1749  •* 
Will  faid  he  was  born  in  the  year  of 
,  the  Rebellion   [in  17 15,),  and  Frank 
Now  John  had  reckoned  to  pay  his\  faid  he  remembered  he  was  ten  years 
wife's  debts  of  i%£.  16  s.  6d.  and\  old  the  year  King  Gear ge'the  fecond  was 
his  landlady  s  bill  of  ib£.  ,12 s.  Re>-  J  crowned  (in  1727 ):  Required  the  age 

of  each,  and  the  difference  of  their 
ages  P 

Current  year 
Will  was  born 
Will's  age 
Current  year 
King  George  crowned 
Years  fince 
Money  received  46     17     6  Frank's  age  then 

Frank's  age 
He  will  want  290'  So  Will  was  oldeft  by  two  ye> 


£• 

s. 

d. 

18 

18 

0 

13 

16 

6 

16 

12 

0  . 

total  49 

6 

6 

46 

*7 

6 
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28  SECTION    IV.    MULTIPLICATION, 

Multiplication  is  the  method  of  finding  what  a  given  number 
will  amount  to,  when  repeated  as  many  times  as  is  reprefented  by  an- 
other number. 

The  number  to  be  multiplied  is  called  the  Multiplicand. 

The  number  multiplying  by,  is  called  the  Multiplier. 

And  the  number  which  the  multiplication  amounts  to,  is  called  the 
ProduSi, 

Both  Multiplicand  and  Multiplier  are  called  Fadfors. 

Before  any  operation  can  be  performed  in  Multiplication,  'tis  neceflary 
that  the  learner  fhould  commit  to  memory  the  following  table. 
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The  M 

JLTIPLICATION 

r  T 

ABLE. 

tin 
2 

ies    2     3     4 

5 

6 

7 

8 

9 

10      II       12 

468 

10 

12 

H 

16 

18 

20      22      24 

3 
4 

9     12 
16 

*5 

zo 

18 

24 

21 
28 

24 
3Z 

27 
36 

30  33  36 
40    44    48 

5 
6 

? 
8 

ZS 

30 
36 

35 

42 

49 

40 
4a 

56 
64 

45 
54 
63 

72 

5°  55  6c 
60  66  J2 
70  77  84 
80     88     96 

9 

Si 

90     99  108 

IC 

100  no  120 

1 1 

121   132 

I  2 

H, 

Obferve,  that  in  multiplying  any  figure  in  the  upper  line  by  any  figure 
In  the  left  hand  column,  the  product  will  ftand  right  againfi:  the  figure  ufed 
m  the  left  hand  column,  and  under  that  ufed  in  the  upper  line.  Thus  was  6  to 
be  multiplied  by  9,  feek  the  greater  figure  9  in  the  upper  line,  and  right 
under  it,  againfi:  6  in  the  left  hand,  ftands  54  for  the  Product,  And  fo> 
©f  others. 

The  foregoing  table  being  well  known.,  the  work  of  Multiplication  will 
he  performed  as  follows. 

To  multiply  any  number,   as  37256 

By  any  fingle  figure,  as  by  7 


Set  them  as  in  the  margin  and  proceed 


260792 


thus,  7  times  6  is  42,  fet  down  2  and  carry  4  j  7  times  5  is  35  and  4  car- 
ried is  39,  fet  down  9  and  carry  3  j  7  times- 2  is  14  and  3  carried  is  17, 
fet  down  7  and  carry  1  ;  7  times  7  is  49  and  1  carried  is  50,  fet  down  a 
and  carry  5 ;  7  times  3  is  21  and  5  carried  is  26,  which  fet  down  and  the 
work  is  done.     But  for  compound  Multiplication  take  the  following. 

30.  Rule,  ift.  Write  the  Factors  fo,  that  theright  hand  placeof  the  Mul- 
tiplier frands  under  the  right  hand  place  of  the  Multiplicand. 

2d.  Multiply  the  Multiplicand  feverally  by  every  figure  of  the  Multi- 
plier, fetting  the  firft  figure  of  each  line  under  the  figure  then  multiplying  by. 

3d.  Add  the  feveral  lines  together  ;  and  their  fum  is  the  Product. 

4th,  From  the  right  hand  of  the  Prod uct,  point  off"  for  fractions,  as 
many  places  as  there  are  fractional1  places  in  both  Factors ;  and  thofc  to  the 


left  of  the  unrk  of  diftinction  are  integers. 


Stfe. 
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5th.  If  the  number  of  places  in  the  Product  are  not  as  many  as  the 
number  of  fractional  places  in  both  Factors,  make  up  that  number  by  cy- 
phers wrote  on  the  left  hand,  and  to  thefe  prefix  the  mark  of  diftinction. 

Exam.  I.     Multiply  742  by  53. 
The  lefTer  Factor  being;  wrote  un- 


Multiplicand 
Multiplier 


742lFa&ors. 
S3  S 

2226 
3710 


der  the  greater  Factor  as  here  fhewn, 
and  a  line  drawn  under  them  ;  fay 
3  times  2  is  6,  write  6  under  the  3  ; 
then  3  times  4  is  12,  write  down  2 
and  carry  1 ;  and  3  times  7  is  21, 
and  1  carried  is  22',  write  the  22  :  Produtt 

Again,  5  times  2  is  10,  write  0  un- 
der the  5,  and  carry  1  j  and  5  times  4  is  20 and  1  carried  is  21,  writedown 
I  and  carry  2  ;  then  5  times  7  is  35,  and  2  carried  is  37,  write  down  the 
37  :  Now  add  the  two  lines  together  found  by  multiplying  by  3  and  by 
5>  and  their  fum  39326  is  the  Product  required. 


39326 


Example  II. 

Multiply  28704 

by  8631 


28704 
S6112 
172224 
229632 

247744224  Produtt. 


Example  IV. 

Multiply        936,287 
by         607,02 

-  1872574 
65540090 
56177220 

568344,93474 

The  cyphers  in  the  Multiplier  of 
this  example  are  thus  managed. 
Having  multiplied  by  the  2  as  be- 
fore, fay  o  times  7  is  o,  write  o  un- 
der the  o,  and  proceed  to  the  next 
figure  7,  by  which  multiply  as  be- 
fore ;  then  coming  to  the  fecond  o, 
fay  o  times  7  is  o,  write  o  under  the 
place  of  the  fecond  o,  and  proceed 
to  the  next  figure  63  by  which  mul- 
tiply as  before.  C  2 


Example  III. 

Multiply    3684,2795 
by  ~"-rQ4y   • 

147371; do 

33IS85IS5 
184213975 

2^7899565 
;7crE»4i8i;230 
Here  becaufe  there  are  4  fractional 
places  in  the  Multiplicand,  and  3; 
in  the  Multiplier,  which  together 
make  7,  therefore  7  places  are  point- 
ed off  on  the  right  of  the  Product  tor 
fractions. 

Example  V. 

Multiply       0,34796 

-  by        0,0258 

278368 
173980 
69592 


0,008977368 


Here  becaufe  there  are  5  fraction?! 
places  in  one  Factor,  and  4  in  the 
other,  there  fhould  be  9  fractional 
places  in  the  Product ;  and  there 
arifing  but  7,  therefore  2  Cyphers 
are  fet  on  the  left  hand  to  make  9 
places. 
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SECTION    V.    DIVISION.' 

31.  Division  is  the  method  of  finding  how  often  one  number  is 
contained  in  another  •,  <?r,  may  be  taken  from  another. 

The  number  to  be  divided,  is  called  the  Dividend. 
The  number  dividing  by,  is  called  the  Divifor. 

The  Quotient  is  the  number  arifing  from  the  divifion,  and  mews  how 
many  times  the  Divifor  is  contained  in  the  Dividend. 
The  operations  in  Divifion  are  performed  as  follow. 

32.  Rule,  ift.  On  the  right  and  left  of  the  Dividend  draw  a  crooked 
line;  write  the  Divifor  on  the  left -fide,  and  the  Quotient  as  it  arifes, 
on  the  right  fide  of  the  Dividend. 

2d.  Seek  how  often  the  Divifor  may  be  taken  in  as  many  figures  on 
the  left  hand  of  the  Dividend,  as  are  juft  neceflary  ;  write  the  number  of 
times  it  may  be  taken,  in  the  Quotient ;  and  there  will  be  as  many  fi- 
gures more  in  the  Quotient,  as  there  are  figures  remaining  in  the  Divi- 
dend then  not  ufed. 

3d.  Multiply  the  Divifor  by  this  Quotient-figure,  fet  the  Product  un- 
der that  part  of  the  Dividend  ufed  ;  fubtract,  and  to  the  right  hand  of  the 
remainder  bring  down  the  next  figure  of  the  Dividend  :  Divide  as  before  j 
and  thus  proceed  until  all  the  figures  of  the  Dividend  are  ufed. 

4th.  If  there  is  a  Remainder,  to  its  right  hand  fide  annex  a  cypher  or 
cyphers,  as  if  brought  down  from  the  Dividend,  and  divide  as  before  j 
■and  thus  it  is  that  fractions  arife,  viz.  from  the  Remainders  in  Divifion. 

5th,  When  any  figure  of  the  Dividend  is  taken  down,  or  annexed,  as 
before  fhewn,  and  the  divifion  cannot  be  taken  in  the  number  thus  in-, 
creafed ;  put  0  in  the  Quotient,  and  take  down,  or  annex,  another  fi- 
gure ;  and  proceed  in  like  manner  till  the  Divifor  can  be  taken  from  the 
number. 

6th.  When  fractions  are  concerned  :  From  the  number  of  fractional 
places  ufed  in  the  Dividend,  take  thofe  in  the 'Divifor  5  count  the  num- 
ber of  remaining  places  from  the  right  of  the  Quotient,  put  the  mark 
there  ;  and  thofe  to  the  left  are  integers,  thofe  to  the  right  fractions. 

7th.  If  there  arife  not  fo  many  places  in  the  Quotient  as  the  6th  article 
requires  ;  fupply  the  places  wanting  with  cyphers  on  the  left  j  and  to  thefc? 
prefix  the  fractional  mark. 

Ex.  I.  Divide  3656  f.  among  8  perfons. 

Set  (he  given  number  as  in  Art  iff.     Now  the  two  left  8)3656(457 
hand  figures  contain  8  ;  then  fay  8  is  contained  in  36,  4  times  ;      n,z 
fet  4  in  the  Quotient,  and  fay  4  times  8  is  32,  fet  32  under      ''45' 
36,  fubtract,  there  remains  4,  to  which  bring  down  the  next        40 
figure  of  the  Dividend  5,  makes  45  ;  then  fay  8  is  contained        ~ JS 
in  45,  5  times;  fet  5  in  the  Quotient,  and  fay  5  times  8  is  56 

40  ;  write  40  under  45,  fubtract,  and  to  the  Remainder  5,  o~ 

take  down  6,  the  next  figure  of  the  Dividend,  makes  56;  then  fay  8  is 
contained  in  56,  7  times;  write  7  in  the  Quotient,  multiply  8  by  7 
makes  56,  which  wrote  under  the  other  56,  and  fubtracting  there  remains 
o  :  So  it  may  be  concluded  that  3656  contains  8,  457  times  :  Or  if 
3656/.  be  divided  among  8  perfons,  the  fhare  of  each  would  be  457^. 

Ex- 
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Ex.  II.  Divide  3125  by  2$. 
25)3125(125 
25 

62 

.   5° 

125 


Ex.  IV.  Divide  5859  by  124. 

124)5859(4.7,25 
496 

899 
868 


3 1  o  for  the  Remaind . 
248  fee  precept  4th. 


Ex.  III.  Divide  95269  by  47. 
47)95z69t2°27 

94    « 


fee  precept 
5th. 


Ex.  V.  Divide  337,27368  £y6,28. 

6,28)  337,27368  (5 3,7o6_ 

3 1 40     for  the  Quotient 

•» ■    fee  precept  6th. 

2327 
1884 


4433 
4396 


fee  precept  5th 


Ex.  VI.  Divide  2,3569  by  673,4. 

673.4)  2>3569(35 

20202    Quot.  0,0035 

33670  fee  precepts 
33670  4th.  6th.  7th. 


In  Ex.  6th.  the  4  fractional  places 
given  in  the  Dividend,  and  the  o, 
ufed  with  the  Remainder  make  5 
fractional  places ;  from  which  1 
place  in  the  Divifor  being  taken 
leaves  4  fractional  places  for  the 
Quotient  j  but  in  the  Quotient  are 
only  the  two  places  35,  therefore  2  cyphers  are  prefixed,  and  makes, 
,0035,  Defore  which  for  form  fake,  an  o  is  fet  for  the  place  of  units. 

33.  When  the  Divifor  does  not  exceed  the  number  12,  the  Divifion  may 
be  performed  in  one  line ;  by  making  the  Multiplication  and  Subtraction 
mentally,  or  in  the  mind,  and  carrying  the  Remainder,  as  fo  many  tens, 
to  the  next  figure. 

34.  In  all  operations  of  Divifion,  it  mull  be  obferved,  that  the  Product  of 
the  Divifor  by  the  Quotient- figure  rauft  not  exceed  that  part  of  the  Divi- 
dend then  ufing ;  and  the  Remainder,  by  fubtracting  the  Product,  muft 
ever  be  lefs  than  the  Divifor, 

As  the  Quotient  multiplied  by  the  Divifor  makes  the  Dividend  ', 
So  the  Product  of  two  numbers  being  divided  by  one  of  them,  will  give 
the  other :  that  is,  Divifion  is  proved  by  Multiplication,  and  Multiplica- 
tion is  proved  by  Divifion, 
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SECTION    VI.    REDUCTION. 

35.  Reduction  is  the  method  of  reducing  numbers  from  ens 
name,  or  denomination,  to  another  ;  retaining  the  fame  value. 

Case  I.  To  reduce  a  number  confifting  of ' fever al names,  to  their  kaji  name. 

Rule,  ift.  Multiply  the  firft,  or  greater  name,  by  the  parts  which  an 
unit  thereof  contains  of  the  next  lefs  name ;  adding  to  the  Product  the 
parts  of  the  fecond  name  in  the  given  number. 

2d.  Multiply  this  fum  by  the  parts  that  an  unit  thereof  contains  of  the 
next  lefs  name;  adding  to  the  Product  the  parts  of  the  third  name  con- 
tained in  the  given  number :  And  thus  proceed,  until  the  ieaft  name  in 
the  given  number  is  arrived  at. 
Ex.  I.  In  23  '£.  14  rf  6{d.  how  ma-   Ex.  II.  In  8  lb.   10  o&.  of  gold,  how 


ny  farthings  f 
£•      s.     d. 
23     14 
20 


H 


474  Shillings 
12 

5694  Pence 
4 


Anfwer  22778  Farthings. 


Ex.  III.  In  a  cannon  weighing  2  Tons, 
1 4  C.  3  qrs.  1 9  lb,  how  many  pounds  ? 
T.    C.  Qrs.  lb. 
2     14     3-    19 
20 

54  C.  weight 
4 

219  Qrs. 
28 

1771 
438 


many  grains? 
■  lb.    oz. 
8     to 

12 

106  Ounces 

20 

2120  Pennyweights 
24 

8480 
4240 


50880  Grains." 

Ex.  IV.  In  36  deg.  48'.  27".  56'". 
how  many  thirds  ? 

o  turn 
36  48  27  56 
60 

2208  Minutes 
60 


132507  Seconds 
60 


7950476  Thirds; 


615 1  Pounds. 

An  explanation  of  the  flrft  Ex.  will  make  all  the  reft  plain.  Since 
pounds  is  the  greateft  name  in  the  given  number,  and  an  unit  thereof  con- 
tains  20  of  the  next  lefs  name,  or  millings;  therefore  multiply  the  pounds 
by  20,  faying  o  times  3  is  o,  to  which  adding  the  4  in  the  14  s.  makes 
4 ;  then  2  times  3  is  6,  and  the  1,  in  the  place  of  tens  in  the  millings, 
make  7  3  then  2  times  2  is  4;  Now  multiply  474  s.  by  12,  faying  12 

times 
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times  4  is  48,  and  the  6  in  the  pence  make  54,  write  4  and  carry  5 ;  then 
12  times  7  is  84  and  5  is  89  &c.  Laftly,  multiply  the  5694  pence  by  4, 
faying  4  times  41s  16,  and  the  2  farthings  in  the  given  number  is  18, 
write  8  and  carry  1  &c. 

36.  Case  II.  J  number  .of  an  inferior  name  being  given;  to  fnd  how  ma- 
ny of  each  fuperior  denomination  are  contained  therein. 

Rule  ift.  Divide  the  given  number,  by  fuch  a  number  thereof,  as 
makes  one  of  the  next  fuperior  name. 

2d.  Divide  this  Quotient  by  the  parts  making  one  of  the  next  name. 

3d.  Divide  this  Quotient  by  the  parts  making  one  of  the  next  name  % 
And  proceed  in  this  manner  until  the  higheft  name  is  obtained. 

4th.  Then  the  laft  Quotient,  and  the  feveral  Remainders,  will  be  the 
parts  of  the  different  names  contained  in  the  given  number. 


Ex.  I.  In  22778  farthings,  how  many 
£.  S.  D  f 

4)  22778     2  Farthings 

12)    5694    6  Pence 


2,0)     47,4  14  Shillings 

23  Pounds. 

Anfwer  23^.  14/,  6f  d. 

Ex,  III.  In  6 15 1  pounds,  how  many 
tons,  C.  $rs.  lb.  f. 

28)  61 5 1  (219 


56 

55 

28 

_  271 
252 


4)219     3Qrs. 

2,0)5,4  H  c- 
2         Tons. 


Anfwer  2T. 


1 9  Pounds. 
14  C.  3  Qrs. 


1 9  lb. 


Ex.  II.  In  7950476  thirds  of  a  ds~ 

gree,  how  many  °  '  "  '", 
6,o)  795047,6    56  Third* 

6,o)  13250,7    27  Seconds 

6,0)      220,8    48  Minutes 

36         Degrees. 
Anfwer  360.  48'.  27".  &>"* 

Ex.  IV.  In  50880  grains,  how  ma" 

ny  lb.  c%.  dwt.  gr. 

24)  50880  (2120 


48 

z, 0)21 2,0  odwt 

I        1 

— . 

28 

24 

12)  106      IOOZ. 
8         lb. 

48 
48 

0 

Anfwer  8  lb: 

IO  OZ.' 

Explanation  of  Ex.  I.  Since  4  of  the  given  number,  make  one  of  the 
next  name,  pence;  then  22778  divided  by  4,  give  5694  pence,  and  a 
Remainder  of  2  farthings  ;  then  5694  pence  divided  by  12,  the  number 
of  pence  in  one  of  the  next  name,  millings,  the  Quotient  is  474  millings, 
and  a  Remainder  of  6  pence ;  then  474  millings  divided  by  20,  the  num- 
ber of  (hillings  in  one  of  the  next  name,  pounds,  the  Quotient  is  23 
pounds,  and  a  Remainder  of  14  millings.  And  by  the  4th  precept  the 
anfwer  is  collected. 

A  like  operation  will  folve  the  other  examples,  having  regard  to  the  in* 
creafe  of  the  different  names. 

•  37.  In  any  Divifion,  if  the  Divifor  has  one  or  more  cyphers  on  the  right 
hand,  thofe  cyphers  may  be  pointed  off;  but  then  as  many  places  mull 
be  pointed  off  from  the  Dividend,  which  places  are  net  to  be  divided,  but 
^reckoned  with  the  Remainder.    See  the  above  examples. 

Casjs 


i£  A  R  I  T  H  M  E  T  I  CKi. 

38.  Case  III.  To  reduce  a  vulgar  fraSiion  to  its  equivalent  decimal fracliont 

Rule.  To  the  Numerator  annex  one  or  more  cyphers,  divide  this  by 
the  Denominator,  and  the  Quotient  will  be  the  fraction  fought. 

If  the  Divifion  does  not  end  when  fix  figures  aire  found  in  the  Quo- 
tient, the  work  need  not  be  carried  any  farther. 


Exam.  I.  To  reduce  ^V^  to  it  equal  decimal  fraction, 


Here423theDenominatoris  made 
the  Divifor,  and  15  the  Numerator* 
is  fet  for  the  Dividend,  to  which 
annexing  a  cypher  or  two  for  frac- 
tional places,  feek  how  often  the 
Divifor  can  be  had  in  15  the  integral 
part  of  the  Dividend  j  and  as  it  can- 
not be  taken,  put  o  in  the  Quotient 
for  the  place  of  units :  Then  taking 
in  one  fractional  place,  feek  how 
eft  the  Divifor  can  be  bad  in  150, 
fay  o  times,  and  put  another  0  in 
the  Quotient  for  the  place  of  primes : 
Now    taking     in    two    fractional  "  ■  — 

places  to  the  15,  the  Divifor  will  be  contained  therein  thrice,  and  thus 
proceed  until  the  Divifion  ends,  or  till  6  places  arife  in  the  Quotient  t 
But  in  this  example,  as  the  6th  place  would  be  o,  it  is  omitted,  becaufe 
cyphers  on  the  right  hand  of  decimal  fractions  are  of  no  fignification,  as 
will  evidently  appear,  Notation  of  Fractions  being  well  underftood. 


423)  15*00(0,03546 
1269 

2310 
2115 

1950 

1693 

2580 
2538 

420 


Ex.  II.  Reduce  -to  a  decimal  fraclion. 
2)  1,0  (0,5  Anfwer. 

Ex.  IV.  Reduce  I  to  a  decimalfraclion. 
4)  3,00  (0,75  Anfwer. 


Ex.  VI.  Reduce  \  to  a  decimal fraclion. 
3)  2,00  (0,33  &c.  Anfwer. 


Ex.  III.  Reduce  \  to  a  decimal  fraclion, 
4)  1,00  (0,25  Anfwer. 


Ex.  V.  Reduce  \to  a  decimal  fraction* 
8)  5,000  (0,625  Anfwer. 


Ex.  VII.  Reduce  ■£%  to  a  dec.  fraclion. 
12)  7,0000  (0,5833  &c.  Anf. 


In  the  two  laft  Quotients,  it  may  be  obferved  that  3  would  continually 
arife ;  fuch  decimal  fractions  are  called  circulating  or  recurring  fractions : 
Thefe  have  a  peculiar  kind  of  operation  belonging  to  them,  which  the  in- 
quifitive  reader  will  find  in  a  little  book  called  A  General  Trcatife  of 
Menfuration  publifhed  in  the  year  1748  3  and  alfo  in  other  books. 
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4.0.  Case  IV.  To  reduce  a  number confijllng of different  names ,  to  a  dcci* 
tnalfrailion  of  its' great  eft  name. 

Rule,  ift-  Write  the  given  names  orderly  under  one  another,  the  leaft 
name  being  uppermoft  j  and  on  their  left  fide  draw  a  line :  Let  thefe  be 
reckoned  as  Dividends. 

2d.  Againft  each  name,  on  the  left  hand,  write  the  number  making  one 
of  its  next  fuperior  name :  And  let  thefe  be  the  Divifors  to  the  former 
Dividends. 

3d.  Begin  with  the  upper  one,  and  write  the  Quotient  of  each  divifiort 
as  fractions,  on  the  right  of  the  Dividend  next  below  it;  then  let  this 
mixed  number  be  divided  by  its  Divifor,  &c. 

And  the  laff.  Quotient  will  be  the  fraction  fought. 


4 
12 

20 


Ex.  I.  Reduce  15  J.  9f^.  to  the  fractional  part  of  a  pound Jlerlirg* 

Firft  fet  the  three  farthings,  the  9  pence,  the  15  millings 
and  O  pounds  under  one  another ;  and  againft  the  far- 
things fet  4,  againft  the  pence  fet  12,  and  againft  the 
{hillings,  20;  then  the  3,  with  0s.  fuppofed  to  be  an- 
nexed, being  divided  by  4,  the  Quotient  ,75  is  wrote  on 
the  right  hand  of  the  9  pence  ;  and  the  mixed  number  9,75  with  os.  an- 
nexed as  they  are  wanted,  being  divided  by  12,  the  Quotient  ,8125  is 
wrote  on  the  right  hand  of  the  15  s.  then  this  mixed  number  1558125 
being  divided  by  20,  the  Quotient  0,790625^.  is  the  anfwer. 


3 

9'7S 
15,8125 

0.7Q062s 


Ex.  II.  Reduce  I  s.  l\d.  to  the  frac- 
tional part  of  a  pound ' Jlerling, 

4|i 
12  2,25 

20  1,1875 
0,059375 


Ex.  III.  Reduce  48'.  17".  53*.  to  the 
fractional  part  of  a  degree. 


Anfwer- 1  s.  2^=0,059375^. 

Ex.  IV.  Reduce  %oz.  i$dwt.  i$gr. 
to  the  fractional  part  of  a  pound  troy. 
245  4.!  1 8 
16     (4,5 

8,7875 
\  0,732201 


20 

IZ 


Anf.8oz.  I5dwc.  iSgr.^0,732291  lb. 

41.  Here  becaufe  24  is  a  number 
too  great  to  divide  by  in  one  line, 
therefore  it  is  broke  into  the  parts 
4  and  6,  which  multiplied  together 
make  24. 


6c 
6c 
6c 


>3 

4.8,298055 

O,(?O40'Ci"T 


Anf.  48'.  17".  5  3'". =0,604967  Deg- 

Ex.  V.  Reduce  3  qrs.  19  //>.  14  oz.  to 
the  fractional  part  of  a  C.  weight* 


16 

28  '. 
4 


H 

(3>S 
19.875 

(4,96875 
3,709821 

0,0274.55 


Anf.  sqr.  19IU.  1402. =-0,927455  C. 

Here  the  16  is  broke  into  the 
numbers  4  and  4  ;  and  28,  into  4 
and  7;  and  14  is  divided  by  4  i  and 
the  Quotient  3,5  by  4,  &c. 


D 
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42.  Case  V.  To  reduce  a  decimal  fraction  of  a  fuperior  name^  to  its  va~ 

lue  in  inferior  denominations. 

Rule,  iff.  Multiply  the  given  fraction  by  the  number  that  an  unit  of 
its  name,  contains  units  of  the  next  leffer  name  ;  from  the  right  hand  of 
the  Product  point  off  as  many  places  as  are  in  the  given  fraction. 

2d.  Multiply  the  places  fo  pointed  off,  by  as  many  as  an  unit  of  this 
name,  contains  of  the  next  lefs  name  j  point  off  as  before. 

And  thus  proceed  until  the  multiplication  is  made  by  the  leaft  name. 

3d.  Then  the  integers,  or  the  numbers  on  the  left  of  the  diftinguifhing 
marks  in  each  Produ£t,  will  be  the  parts  in  each  name,  which  together 
are  equal  to  the  given  fraction. 


Ex.  I.  Wliat  number  of  Jhillings,  pence,  and  farthings  are  equal  in  value, 
to  0,790625 £.flerling  f 

Here  an  unit  of  the  given  name  f,  r 

contains  20  of  the  next  lefs  name  *°'       ''9°  25 

20 


{hillings,  then   multiplying  by  20, 

and  pointing   off  6  places  on  the 

right,    becaufe  the  given   number 

0,790625     contains     6    fractional 

places,    the  Product  is  15,812500 

{hillings ;  then  the  fractions  of  this 

number,  viz.  812500  multiplied  by 

j  2,  the  number  that  an  unit  of  this 

name  contains  of  the  next  lefs  name,  " 

and   the  Product  pointed  as  before,  there  arifes  9,750000  pence;    the 

fractions  of  this  number  multiplied  by  4,  gives  3,000000  farthings  ;  then 

the  parts   pointed  off  on  the  left,    viz.  15  s.  9]d.  are    the  value  of 

the  given  fraction. 


?.    15,812500 
iz 

d.      9,750000 
4 

far.   3,000000 


Jlxample  II.    TVhal  is  the  value  of 
0,056285 £.  Jler ling? 
£.    0,056285 
20 


3.     1,1257)00 
12 


J. 


1,50* 


far.  2,0336 

Example  IV.  IVhat  is  the  value  of 
0,732291  lb.  troy  f 

This  example  worked  as  above  by 
multiplying  by  12,  20,  24*  the  va- 
lue will  be  found  to  be 

£oz=  I5dwt.  i8gr.  nearly. 


Example  III.  What  is  the  value  of 
0,58695  degree  f 
Deg.     0,58695 
60 


Min.  35,2i;|oo 
60 


Sec.     i3,o2|o 
60 


Thirds  0,120 

Example  V.  What  is  the  value  of 
°j927455  fart  of  a  C.  weight  ? 

By  operating  as  above,  multiply- 
ing by  4,  28,  1 6,  the  anfwer  will 
be 

3qrs,  iglb.   14  oz.  nearly. 

43- 
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Questions  to  exercife  the  preceding  rules. 
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Quest.  I.  A  pop  ivitb  the  cap- 
tain and  26  hands  take  a  prize  which 
fold  for  1578  £.  whereof 'each  feamar, 
bad  45  £.  and  the  captain  the  reji  : 
How  much  was  his  fhare  ? 

26  Men. 

45  £.  to  each. 

130 
104 

fubtratt  1 1 70  £.  the  crew's  (hare 
from      1578  £.  the  whole  prize 

remains  408  £.    the  captain's  fhare. 

Quest.  III.  A  feaman  whofe 
wages  is  35  s.  6  d.  a  months  returns 
home  at  the  end  of  2<)  months ;  he  hav- 
ing taken  up  11  £.  18  s :  How  much 
has  he  to  receive  ? 

s.      d. 

1    u     35     6 
mult,  by  1 1 


426  pence  a  month 
mult,  by    29  months 

3834 
852     ■ 


12)  12354  pence. 
2,0)  102,9 


from 
take 


5»£ 

12  £■ 


9  s- 


6d. 

6  d.  =r  wages 
o  d.  received 


remains  38  £.     in.     6  d.  to  receive 


Quest.  V.  In  306  crowns,  how 
many  half  crowns  and  pence  ? 

Anfwer  I6'2,     halfcrowns 
I  18300  pence. 


Quest.  II.  A  boat's  crew  cf  15 

men  got  by  plunder  321  £:  Hoiv  much 

was  the flare  of  each? 

15)321  (21  £- 
20 


21 
*5 


remains       6  £.  which 
mult,  by  20  s.  in  1  £. 

15)  1 20  j.  (8  j. 
120 


Anfwer   21  .£.   8/.  to  each. 

Quest.  IV.  Six  mefs-mates,  who 
propofe  to  live  well  during  an  Eajl  In- 
dia voyage  of  11  months,  agree  to  ex- 
pend among  them  $s.  a  day,  befdes 
the  /hip's  allowance :  Nozu  one  of  them 
having  but  2$s.  a  month,  how  will 
matters  fl and  with  him  at  the  end  of 
the  V'jyage  ? 

Now  28  days  at  $s.  a  day,  makes' 
140  s.  or  7  £.  a  month  ;  which  for 
22  months,  is  154^. 

Then  a  fixth  part  of  154  £.  is 

2 5  f,-  l3s'  4-d-  f°r  eac^  man. 

Alfo  25  s.  a  month  for  22  months, 
makes  2J  £.  10  s.  for  wages;  which 
will  over-pay  his  expences,  by  1  £• 
16  s,  8d» 


Quest.  VI.  In  30  chalders  of 
coals,  each  of  36  bufiels,  how  many 
pecks  ? 

Anfwer  4320  pecks. 


Quest.  VIL  A  feaman'sfloareofX      Quest.  VIII.  Suppefe  a  flip  fails 

a  prize  was  14.  guineas,  32  moidoresA  5!  miles  an  hour  for  14  days :  Hous 

12  thirty-fix  flillings  pieces,  and  52  j  many  degrees  and,  minutes  has  fls  failed 

pifloles   at   17  s.    each:    How  ?nuch\  in  the  whole ;  60  fea  miles  making  one 

Jhrh'ng  did  the  tvhole  come  to  ?  \  degree  f 

Andver  izi£.  ids.  I  Anfwer  3odeg.  <*S  min. 

*  hz  SECTION 
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SECTION    VI.    Of    PROPORTION. 
Or,    THE    RULE    OF    THREE. 

44.  Four  numbers  are  faid  to  be  proportional,  when  by  comparing 
them  together  by  two  and  two,  they  either  give  equal  Products  or  equal 
Quotients. 

Suppofe  thefe  four  numbers     3     8     12     32 
In  comparing  them  together  by  multiplication. 

The  Product  of  3  and  8  is  24 ;  of  12  and  32  is  384,  unequal, 
of  3  and  12  is  36  ;  of  8  and  32  is  256,  unequal, 
of  3  and  32  is  96 ;     of  8  and  12  is     96,  equal. 

Therefore  3  8  12  32,  are  called  proportional  numbers. 
Now  let  them  be  compared  together  by  divifion. 

The  Quotient  of    8  by  3  is    2,6   &c,     of  32  by  12  is  2,6  &c.  equal, 
of  12  by  3  is    4  of  32  by    8  is  4,  equal, 

of  32  by  3  is  10,6  &c.      of  12  by    8  is  1,5,    unequal. 

Therefore  by  this  comparifon,  the  numbers  are  faid  to  be  proportional. 

In  this  kind  of  comparing  four  numbers  together,  there  is  no  need  to 
try  for  more  equal  Products,  or  Quotients,  than  one  fet  of  either  fort ; 
for  either  cafe  will  determine  the  proportionality  independent  of  the  other. 

But  it  muff  be  obferved,  that  among  four  proportional  numbers,  there 
will  be  but  one  fet  of  equal  Products ;  and  two  fets  of  equal  Quotients, 
the  fmaller  numbers  being  Divifors. 

45.  When  four  numbers  are  to  be  wrote  as  proportionals,  they  muff. 
be  placed  in  fuch  order,  that  the  Product  of  the  firft  and  fourth  be 
equal  to  the  Product  of  the  fecond  and  third. 

A  queftion  is  faid  to  belong  to  the  Rule  of  Three,  when  three  numbers 
or  terms  are  given  to  find  a  fourth  proportional,  which  is  the  anfwer  to 
the  queftion. 

And  in  order  to  refolve  fuch  queflions,  the  three  given  terms  muff  be 
firft  placed  in  a  proper  order,  which  is  called  ftating  the  terms  of  the 
queftion. 

46.  Queflions  in  the  Rule  of  Three  arc  ftated,  and  refolvcd  by  the  fol- 
lowing precepts. 

iff.  Confider  of  what  kind  the  fourth  term,  or  number  fought  will  be, 
whether  money,  weight,  meafure,  time,  tfc.  and  among  the  three  num- 
bers given  in  the  queftion,  let  that  which  is  of  the  fame  kind  with  what  is 
required,  be  placed  for  the  third  term. 

2.  Prom  the  nature  of  the  queftion,  determine  whether  the  number 
fought  will  be  greater  or  lefs  than  the  number  which  is  placed  for  the  third 
term. 


3d, 
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3d.  If  the  fourth  term  will  be  greater  than  the  third,  fet  the  greater  o^ 
the  remaining  two  terms  for  the  fecond,  and  the  lefTer  for  the  firft. 

But  if  the  fourth  term  is  to  be  lefs  than  the  third,  fet  the  greater  of  the 
remaining  two  terms  for  the  firft,  and  the  lefTer  for  the  fecond. 

Then  in  either  cafe,  the  given  three  terms  are  ftated. 

4th.  Reduce  thofe  terms  which  confift  of  more  names  than  one,  to  one 
name  ;  and  obferve  that  the  firft  and  fecond  terms  are  always  to  be  of  the 
fame  name. 

5.  Multiply  the  fecond  and  third  terms  together,  divide  the  Product 
by  the  firft  term,  and  the  Quotient  will  be  the  fourth  term,  of  the  fame 
name  the  third  term  was  reduced  to. 

47.  Quest.  I.  If  \  yards  of  cloth  coji  i8j.  what  will  24  yards  cofl? 


Here  it  is  plain,  that  the  term 
fought  or  the  worth  of  24  yards,  will 
be  money  ;  therefore  the  given  mo- 
ney 18  s.  is  fet  for  the  third  term  ; 
and  as  the  worth  of  24  yards  mult 
be  greater  than  the  worth  of  4  yards, 
therefore  the  24  is  fet  for  the  2d. 
term,  and  the  4  for  the  ift.  Then  the 
2d.  term  24  being  multiplied  by  the 
3d.  18,  the  Product  is  432,  which 
divided  by  the  ift.  term  4,  the  Quo- 
tient or  4th  term  is  108  ,  which  are 
(hillings,  the  fame  name  of  the  3d. 
term;  then  108  fhillings  divided  by 
20,  gives  5  £.  8  s. 


yds.     yds.         $. 
4        2+         18 
18 


4)432  (108  fhillings. 

2j0)  10,8  fhillings. 

5     Pounds. 
Anfwer  5  £.    S  s. 


Quest.  II.  If  I  lend  200  £.  for  11  months ,  how  long  ought  I  to  have  the 
ufe  of  150  £.  to  recommence  me  ? 

Here  the  anfwer  or  4th  term  is  to 
be  time  ;  therefore  let  12  months, 
the  given  time,  be  fet  for  the  3d. 
term :  Now  it  is  evident  that  the 
I5°£'  being  lefs  than  the  200  £. 
muft  be  kept  a  longer  time,  and  fo 
the  4th  term  will  be  greater  than  the 
3d.  term  :  Therefore  the  200  is  put 
for  the  2d.  term,  and  the  150  for 
the  ift. .  Then  the  2d.  term  multi- 
plied by  the  3d.  the  Product  will  be 
2400;  which  being  divided  by  the  ift.  term,  the  Quotient  16  is  the 
4th  term  j  and  becaufe  the  3d,  term  was  months,  the  4th  term  will  be 
months* 


£•       £■ 

m. 

150      200 

12 

IZ 

1 5,0)  240,0  1 

[16  months. 

15 

90 

90 

Anfwer   16  months. 


Quest. 
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Quest.  III.  What  will  1836 /£. 
ef  raifms  come  to9  at  the  rate  of  6  s. 
8  d.  for  24  lb. 

Here  as  money  is  the  thing  fought, 
money  muft  be  the  3d.  term  :  And 
as  6  s.  8  d.  confifts  of  two  names, 
they  muft  be  reduced  to  one  name, 
viz.  pence. 

lb.  lb.  s.    d 

24  1836  6     8 


1836 
80 


6 
12 


24)  146880 
144 

28 
24 


80  pence 
(0120  pence 

12)6120 

2,p)  51,0       10  J. 


48 
48 


Here  the  2d.  term  being  multi- 
plied by  the  3d.  and  the  Product  di- 
vided by  the  ift.  the  Quotient  is 
6120  pence;  which  being  valued 
gives  2$£*  10  s. 

Quest.  IV.  If  20  yards  of  cloth 
5  quarters  wide  will  ferve  to  hang  a 
room  :  How  many  yards  of  '4  quarters 
wide  will  ferve  to  hang  the  fatne 
room  ? 

Here  yards  of  length  are  required ; 
then  20  yards  muft  be  the  3d.  term. 


qrs. 

4 


qrs. 
5 


yds. 

20 

5 


4)  I0°( 
Anfwer  25  yards. 


Quest.  V.  What  tvill 420 yards 
of  cloth  come  to  at  14  s.  I0\d.  for 
I  ell  englifh  f 

The  term  fought  being  money, 
the  14 j.  iofd.  muft  be  the  3d. 
term,  and  be  reduced  to  farthings  : 
Alio  the  1  ft.  and  2d.  terms  are  to 
be  reduced  to  quarters  of  yard. 
EllEng.    yds.  s.        d. 

I  420  14      I  of 


I            420 

5                4 

14    10J 
12 

5           1680. 
7*5 

8400 

I78 
4 

.71?  farth. 

1680 
1 1 760 

- 

'   5)  1 201200 

i 

4) 240240 

farthings 

12)  60060 

pence 

2,0)  500,5    05  s. 

„  ;    250  £. 

Anfwer  250^.  5/. 
The  Divifor  5  being  a  flngle  digits 
the  Quot.  is  wrote  under  the  Div. 

Quest.  VI.  A  owes  to  B  463  £• 
but  compounds  for  7  s.  6  d.  in  the 
pound:  How  muchmuJIB  receive  for 
his  debt  p 

Here  compofitton  money  is  the 
thing  fought ;  then  the  3d.  term 
muft  be  the  compofition  money, 
viz.  7  s.  6  d. 


£• 


£• 

463 

QO 


12)  41670 


2,0)  347,2 

J2JL 

Anfwer  173^. 


6d. 
12  s. 


s.     d. 
7    6 

112 
90  pence 


1 2  j.  6d. 


48.  As  it  will  be  more  convenient  in  moft  cafes  to  reduce  fuch  numbers 
or  terms  which  confift  of  feveral  names  to  the  fractional  parts  of  their 
greateft  name,  than  to  reduce  them  to  their  loweft  name;  therefore  in  the 
Solution  of  forne  of  the  following  queftions,  the  inferior  parts  of  the  given 
terms,  are  reduced  by  cafe  IV,  of  Reduction  ;  and  the  anfwers  are  valued 
bv  cafe  V.  Quest, 
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Quest.  VII.  If  8  lb.  of  pepper 
€oJl  4*.  8  d:    What  will  7  C.  3  £rj. 
J4#.  come  to  at  that  rate .? 
lb.       C.    qrs.     lb.  s.    d. 

8        7      3       H  4     8 

4 


3-1 

28 

262 

882 


12 


56 


882  lb. 

5292 
4410 

8)  49392  ( 
12)  6174  6d 


2,o)  51,4  14s 

Anfwer  25  £.  14  s,  bd.        — 

Quest.  IX.  What  Is  the  inter  ejl 
cf  584^.  for  a  year,  at  5  per  cent. 
per  annum :  Or  at  the  rate  of  5  £, 
for  the  ufe  of 1 00^.  for  a  year  ? 

Here  intereft  is  the  term  required : 
therefore  5  £.  the  intereft  of  100^. 
is  to  be  the  3d.  term  :  And  as  the 
4th  term,  or  the  intereft  of  584  £. 
is  greater  than  the  3d.  term  ;  then 
the  2d.  term  is  to  be  greater  than 
the  1  ft. 

£•         £■         £> 

joo  584  5 

5 

1,00)  29,20  (  See  Cafe  V. 
—         of  Reduftion. 

20 

4,00 

Anfwer  29^.  4  s. 

Quest.  XL  What  is  the  inter  ejl 
of  542  £.  10  s.  for  219  days,  at 
5  £'  Per  cent'  Per  annum  f 

To  folve  this  queftion,  find  the 
intereft  for  1  year  ;  multiply  this 
intereft  by  219  and  divide  the  Pro- 
duct by  365;  the  Quotient  will  be 
the  anfwer ;  i  and  is  1 6  £.  5  s,  6  d. 


Quest.  VIII.  One  bought  4 
Hhds.  offugar,  each  containing  6  C. 
2  qrs.  14.1b.  at  2  £.  8  s.  6  d.for  each 
C.  weight :  What  did  the  whole 
come  to  ? 

C.      C.  qrs.  lb.        £.  s.    d. 
1        6    2     14        286 

Now  1  C.  weight  is  1 12  lb. 
And4Hh.at6C.  2q.  I4b.=29681b. 
Alfo  if.  %s.  6d.  is  582^. 
Then  the  Product  of  the  2d.  and  3d. 
terms  is  1727376. 
Which  divided  by  the  1  ft.  term  112, 
the  Quotient  is  15423  pence,  whofe 
value  is  64 £.  5  s.  %d. 


Quest.  X.  What  is  the  intereft 
°f  3%7  £'  J2s'  for  3  years  and  4 
months,  at  3I  per  cent,  per  annum  P 

Find  the  intereft  for  1  year ;  then 
thrice  that,  together  with  ~  of  one 
year,  will  be  the  intereft  fought. 

£•         £■        £• 
•100      387,6      3,5 

3»S 


100) 
£ 

r  year 

19380 
11628 

1^6,60  ( 
1 3,5(36  for 
3 

1  year. 

f  of. 

40,698  for 
z=  4,^2  z  for 
45,220 

3  years 

4  months 

Anfwer  45  £.  4  j-.   5  d. 

Quest.  XII.  For  how  long  muji 
487^.  10  s.  be  at  fimple  inter  ejl  at 
4t  £•  Per  £eni'  Per  annum,  to  gain 
951'  *s.3d.? 

t  ind  what  will  be  the  intereft  of 
487^.  10  s.  for  1  year;  divide  gs£. 
is.  ^d.  by  this  intereft,  and  the 
Quotient  will  be  4:  years. 

Quest. 
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Quest.  XIII.  One  Bought  14  pipes 
cf  wine,  and  is  allowed  6  months  cre- 
dit :  But  for  ready  money  gets  it  6  d. 
in  a  gallon  cheaper  :  How  much  did 
be  fave  by  paying  of  ready  money  ? 
Anfwer  44 £.  zs. 


Quest.  XV.  One  bought  3  tons 
ef  oyl  for  153^.  9*-  which  having 
leaked  74  gallons,  he  would  make  the 
prime-cofi  of  the  remainder :  How 
muji  it  be  fold  per  gallon  ? 

Now  1^=252  Gall.  And  3^=756 

Subtract  the  gallons  leaked  =  74 


£■ 


Remains  682 


G. 


G. 

Then6Sz  153.45  * 

Anfwer  45.  6  d.  a  gallon. 

Quest.  XVII.    At   13 £.  for 

IOO  lb.  of  goods  :  What  will  895  lb. 
come  to  allowing  4  lb.  upon  every 
IOO  lb.  for  tret,  or  wajle  ? 

Since  4  lb.  is  to  be  allowed  on  the 
100  lb.  therefore  1041b.  is  given 
for  100. 

lb.  lb.  £. 

Then     104  895  13 

Anfwer  1 1 1  £.    1 7  s.  6  d. 


Quest.  XIX.  If  100  pounds  of 
fugar  be  ivorth  36  s.  8  d:  What  zuill 
be  the  worth  of  8  J  5  lb.  rebating  4  lb. 
upon  every  1 00  lb.  for  tare  f 

Here  the  buyer  has  100  lb.  on 
paying;  for  06  lb. 
Py      lb.    9       lb.  lb. 

Then   100  96  875 

And  the  4th  term  will  be  8401b. 

lb.  lb.  £• 

Alfo    ico  840  1,833333 

Then  the  4th  term  will  be  15  £■ 
8  s.  and  fo  much  will  the  fugar 
come  to. 


Quest.  XIV.  A  clothier  fold  50 
pieces  of  Kerfey,  each  piece  containing 
34  ells  Flemijh,  at  the  rate  of  8  s. 
4  d.  per  ell  EngliJI) :  IVloat  did  the 
whole  come  to  ? 

Anfwer  425  £. 


Quest.  XVI.  A  broker  fold*  of\ 
of  a  Jhip  for  16^  £.  II  *•  3d:  How 
much  was  the  whole  Jhip  valued  at  ? 

Now  I  of -I  =  T65  =  0,3. 

And  147^.  1 1  s.  3  d.  =  147,5625^. 

fhare         fhare  £. 

Then  0,3  1  147,5625 


Anfwer  491  £.   17  s.  6d. 


Quest.  XVIII.  One  has  cloth 
which  cofl  is.  8  d.  a  yard:  For  how 
much  mufl  it  be  fold .  a  yard  on  3 
months  credit,  to  gain  25  £.  per  cent, 
per  annum  ?. 


mon.    mon.      £.         £. 
Firft  12         3         25         6,25 

£•        £■  £• 

Secondly  100         6,25  0,133333 

By  multiplying  and  dividing,  the   4th 
term  will  be  found  2  d. 
Then  zs.  8  d.  ~f-  zd.  =.  2  s.  10  d.  a  yard 
the  felling  price. 

Quest.  XX.  A  chapman  bought 
81  Kerfeys  for  125  £•  How  mufl  he 
fell  them  per  piece  to  gain  15  £.  per 
cent.  ? 

Find  how  much  135^.  will  be 
advanced  to  at  \$£.  per  cent. 

Then  this  fum  divided  by  81  will 
be  the  felling  price  of  each  piece. 

£•       £■        £■         £■ 

Now  100         115         135        1 5  5 , 2  5  > 

Then  81)  155,25  (1,9166.6  £. 
Anfwer  1  £.    iSs.    \d.   apiece. 

Quest. 
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Quest.  XXI.  A  merchant  who 
is  to  receive  a  fu?n  of  money ,  is  offered 
ducats  at  6  s.  4  d.  which  are  worth 
but  6  s.  l\  d.  or  chequins  at  8  s.  1  d. 
each,  that  are  worth  but  8  s :  By 
which  fpecie  will  he  jujlain  the  leaf} 
lofs  ? 


6  s.  2fd-74,5d.  ltherealvalue. 
8  s.  o       =96         \ 
6  s.  4       =76     d. 
8  s.  zd.  =08 


Ithe 


ad  van.  val. 


r.  val.     r.  val.  ad.  va.     ad.  va. 
Then    74/5        96        76        97,93- 

But  the  chequins  are  valued  at98d. 
Therefore  the  ducats  are  moft  advan- 
tageous. 

Quest.  XXIII.  A  per/on  wants 
7  50  pieces  of 'foreign  coin,  each  worth 
lis.  \d.  How  much  will  they  come 
to,  allowing  the  broker  the  worth  of 
2  pieces  upon  every  ipp  f 

Now  100  102  750  765 
He  muft  pay  for  765  pieces,  which 
will  come  to  433  £.  ioj 


Quest.  XXV.  A  grocer  bought 
4!  C.  of  pepper  for  i$L-  I7  s'  4  ^ 
which  proving  to  be  damaged*  he  is 
willing  to  lofe  ii\  £.  percent.  For 
how  much  mujl  he  fell  it  a  lb.  f 

Since  he  is  to  lofe  12*  per  cent. 
he  muft  take  87^.  10*.  for  100  £. 
Now  diminifh  the  15^.  17  J".  4-d. 
in  this  proportion,  and  this  fum  di- 
vided by  the  pounds  in  4x  C.  will 
give  7  d.  for  what  each  pound  is  to 
be  fold  at. 


Que  st.  XXII.  One  who  had  fold 
a  parcel  of  cloths  at  is.  10  d.  a  yard 
on  3  ?nonths  credit,  found  he  had  gained 
25  £.  per  cent,  per  annum  :  What  did 
the  cloth  cojl  per  yard  f 

mo.      £.        mo.         £. 

Now     12         25         3         6,25 
And    lco-}-6, 251=106,25  £. 

f.  f  /. 

Then  106,25     IO°     0,14166 

The  fourth  term  to  which  will  be  a 
fraction  vvhofe  value  will  be  2  s.  8  d. 
which  is  the  prime-coft  per  yard  of  the 
cloth. 


Quest.  XXIV.  J  gentleman 
would  exchange  729  pieces  of^.s.  2  d. 
each  into  Jlerling  money  :  Mow  much 
will  he  receive  for  them,  allowing  the 
broker  \\  £.  per  cent.  ? 

?•    p-         £■         £■ 

Now      1     729     0,208533     151,875: 
the  worth  of  the  pieces. 
Then  101.25      ico     151.875     150^, 
He  will  receive  150 _£.  for  them. 

Quest.  XXVI.  Suppofe  4.1  gal- 
lons of  honey  be  valued  at  2  f.  and  the 
duty  is  is£'  Per  cent.  on  thh  value  r 
and  a  draw  back  of  5  £.  per  cent,  on 
the  duty  for  prompt  'payment :  What 
tuill  the  ready  money  duty  of  672  gal- 
lons come  to  ? 


Now 

42 

2 

And 

100 

>5 

Alfo 

100 

95 

672 


32  £• 

4,8  £. 


Anfwer 


in.    i\ d. 


The  Rule  of  Proportion  is  of  al moft  univerfal  ufe  in  all  bufinefs  where 
computation  is  required;  as  in  buying  and  felling  ;  values  of  flocks  and 
their  dividends  j  the  intereft  and  difcount  of  money  ;  the  cuftoms  and 
duties  on  goods  &c:  But  the  defigned  brevity  of  this  book  will  not  permit 
farther  illuftrations. 

E  SECTION 
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SECTION  VII.  OF  THE  POWERS  OF  NUMBERS 
AND  OF  THEIR  ROOTS. 

49.  The  Powe  r  of  a  number,  is  a  product  arifing  by  multiplying 
that  number  by  itfelf  the  product  by  the  fame  number,  this  prodatl  by 
the  fame  number ,  &c.  to  any  number  of  multiplications. 

The  given  number  is  called  thefirft  power,  or  root. 
The  Product  of  the  I  ft.  power  by  itfelf,  is  the  2d.  power,  or  fquare. 
The  Product  of  the  2d.  power  by  the  ift.  is  the  3d.  power,  or  cube. 
The  Product  of  the  3d.  power  by  the  ift.  is  the  4th.  power,  4sV. 
50.  Here  follows  the  ift.  2d.  and  3d.  powers  of  the  nine  digits. 

Roots,  or  1  ft.  power  1234  5  67  8  9 
Squares,  or  2d.  power  14  9  16  25  36  49  64  81 
Cubes,     or  3d.  power         1   8  27  64  125  zi6  343  512  729 

Ex.  I.  JVlmt  is  the  id.  power,  or  I  Ex.  II.  What  is  the  3d.  power, 
fquare  of  the  number  24  ?  1  or  cube  of  38  f 

I  Now  38x38=1444  the  2d.  power. 
24x24=576  h  the  2d.  power.  |  Then  1 444x38=5487  2  the  3d.  power# 

51.  The  figure  {hewing  the  name  of  any  power,  is  called  the  index  of 
that  power. 

Thus  1  is  the  index  of  the  ift.  power ;  2  is  the  index  of  the  2d.  power ; 
3  of  the  3d.  power,  &c. 

52.  Any  number  may  be  confidered  as  a  power  of  fome  other  number. 
Thus  64  may  be  taken  as  the  2d.  power  of  8,  and  the  3d.  power  of 

4,  &c. 

53.  The  root  of  a  given  number  confidered  as  a  power,  is  a  number 
which  being  raifed  to  the  index  of  that  power,  will  either  be  equal  to  the 
given  number,  or  approach  very  near  to  it. 

£4  To  ex  trad  the  Square  Root  of  a  given  number. 

ift.  Begin  at  the  unit's  place,  put  a  point  over  it,  and  alfo  over  every 
next  figure  but  one,  reckoning  to  the  left  for  integers,  and  to  the  right  for 
fractions ;  and  there  will  be  as  many  integer  places  in  the  root,  as  there 
are  points  over  the  integers  in  the  given  number. 

The  figure  under  a  point,  with  its  left  hand  place,  is  called  a  period. 

2d.  Under  the  left  hand  period  write  the  greateft  fquare  contained  in  it, 
and  fet  the  root  thereof  in  the  Quotient ;  fubtract  the  fquare,  and  to  the 
remainder  bring  down  the  next  period,  as  in  Divifion. 

3d.  On  the  left  of  this  Remainder  write  the  double  of  the  Root  or 
Quotient  for  a  Uivifor ;  feek  how  often  this  may  be  had  in  the  Remain- 
der, except  the  right  hand  place  j  write  what  arifes  both  in  the  Root,  and 
on  the  right  of  the  Divifor. 

4th.  Multiply  this  incrcafed  Divifor  by  the  laft  Quotient  figure  ;  fub- 
tract,  and  to  the  Remainder  bring  down  the  next  period  j  double  th<? 
Root  for  a  Divifor,  and  proceed  as  before. 

55.  Fractional  places  will  arife  in  the  Root  by  annexing  to  the  Re- 
mainders, periods  of  two  cyphers  each,  and  renewing  the  operation. 

,     r  '  T.X. 
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Ex.  I.  TVhat  is  the  Square  Root  of  1444  ? 
Put  a  point  over  the  units  place  4, 
and  alfo  over  the  place  of  100  s. 

Now  the  number  confifts  of  2  peri-  J444  (3$  Root, 

ods,  and  will  have  2  integer  places  in  9 

the  Root :  Then  the  greateft  Square  , 

in  14,  the  left  hand  period,  is  9,  '   544 

and  its  Root  is  3 ;  write  9  under  the  ^44 

period,  and  3  in  the  Root;  now  9 

from  14  leaves  5,  to  which  annex  the  next  period  44;  the  Root  3  dou- 
bled makes  6,  which  in  54  is  contained  8  times,  annex  8  to  the  3  and  to 
the  6,  makes  the  Root  38  and  the  Divifor  68  ;  then  8  times  68  is  544  ; 
and  there  remaining  o  on  fub tradlion,  it  may  be  concluded  that  38  is  the 
true  Root. 


Ex.  II.  TVhat  is  the  Square  Root  of 
36372961  I 

36372961  (6031  Root. 
,       36 


1203)    3729 
3609 


1 2061)   1 206 1 
1 206 1 


Ex.  IV.  TFhat  is  the  Square  Root 
^24681024? 

Anfwer  4968. 

Ex.  VI.  TVhat  is  the  Square  Root 
cf  76395820  ? 

76395820  (8740,4702 
64 


167) 1239 
1 169 


i7H) 


7058 
6976 


174804)  822000 
699216 


1748087)  12278400 
12236609 


174809402)  417910000 
3^9618804 

68291196 


Ex.  HI.  IVhat  is  the  Square  Root 
of  1,0609  • 

1,0609  {1,03  Root. 


zo  3)    0609 
609 


Ex.  V.  TVhat  is  tfo  Square  Root 
0/911236798,794365? 

Aniwer  30186,699. 

In  the  6th  example,  after  all  the 
periods  given  were  brought  down, 
there  remained  8220,  to  which  a, 
period  of  two  cyphers  was  annexed, 
and  the  operation  renewed,  and 
continued  until  4  decimal  places 
were  obtained  in  the  Root;  every 
period  brought  down  giving  one 
place. 


I 


56.  To 
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56  To  ex t rati  the  Cube  Root  of  a  given  number. 

Rule,  ift.  Over  the  unit  place  of  the  given  number  put  a  point,  and 
a'ifo  over  every  third  figure  from  the  unit  place,  to  the  left  for  integers,  and 
to  the  right  for  fractions ;  and  the  Root  will  have  as  many  integer  places, 
as  there  are  points,  or  periods,  in  the  integral  part  of  the  given  number. 

2d.  Under  the  left  hand  period,  write  the  greateft  Cube  it  contains, 
whole  Root  fet  in  the  Quotient :  Subtract  the  Cube  from  the  period, 
and  to  the  Remainder  annex  the  remaining  periods  j  call  this  the  Re- 
>l':end. 

a.  To  the  Quotient  annex  as  many  cyphers  as  there  were  periods  re- 
maining; call  this  the  Root. 

4th.  Divide  the  Refolvend  by  the  Root,  add  the  Quotient  to  thrice 
the  Square  of  the  Root,  let  the  fum  be  a  Divifor  to  the  Refolvend,  and 
the  Quotient  figures  annexed  to  the  right  of  the  firft  Root,  without  the 
cyphers,    will  be  the  Cube  Root  fought. 

5th.  If  the  fecond  figure  of  the  Root  be  1,  oro;  then  generally  3  or 
4  figures  of  the  Root  will  be  obtained  at  the  firft  operation  :  But  if  the  fe- 
cond figure  exceeds  2,  it  will  be  beft  to  find  only  two  places  at  firft. 

6th.  To  renew  the  operation  j  fubtracTt  the  Cube  of  the  figures  found 
in  the  Root,  from  the  given  number  ;  then  form  a  Divifor  and  divide  as 
directed  in  the  4th  precept;  and  this  will  give  the  Root  true  to  5  or  6 
places :  For  each  operation  commonly  triples  the  figures  found  in  the 
M  Root. 

.     -Ex.  I.  What  is  the  Cube  Root  of  9 800344? 

Put  a  point  over  the  unit  place 

4,.  another  over  the  place  of  thou- 

farids,.  and  another  over  that  of  mil-  9800344.  (2 

ljons  ;     and   becaufe   there   are    3  • 

points,  there  will  be  ,3  places  in  the  ,"~I  ~"  D  r  ,       , 

f,  T-r    1       1     1  ru      1        -j  2,00)18002,44  Refolvend. 

Root.   Under  the  left  hand  period  9,  °  TT 

write  8  the  greateft  Cube  therein,  gooI  __  Quotient. 

■and  its  Root  2,  write  in  the  Quo-  120000  —  thrice  the  Sq.  of  the  R. 

tient,  then  fubtraaing,    the  Refol-  I29aoi)  ,800344  (14 

vend   is    1800344:    Now  becaufe  1 20001. 

there  are  two   periods  remaining,  . . 

therefore  two  cyphers  annexed  to  5'°334 

the  Root  2,  makes  it  200,  by  which  5 1 6004 

dividing  the  Refolvend,  the  Quo-  ■  ■     * 

tient  is  9001  ;  alio  the  fquare  of  200  The  Root  is  214 

is  40000,  the  triple  thereof  120000 

being  added  to  9001,  makes  129001  for  a  Divifor,  by  which  dividing 

1800344,  the  Quotient  is  14  nearly,  and   is  taken  as  14  becaufe  it  is 

much  nearer  to  it  than   to   13;  now  14  being  annexed  to  the  former 

Root  2,  makes  214  the  Root  fought. 

For  2i4X2i4X2i4=:98co344. 

Ex.  II. 
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Ex.  II.  What  is  the  Cube  Root  of  518749442875  ? 

518749442875  (8 

Hi . 

8,000)    67 J 044 2.87c;  " 


843080 
192000000 

192843680)  6749442875  (035 
_q  78  ^1040 

964132475 
964218400 


In  this  example,  becaufe  3  periods  were  remaining,  and  confequently 
3  places  more  to  be  found  ;  therefore  in  the  laft  diviiion  a  point  is  put 
over  the  3d.  place  from  the  right  hand,  and  the  Pivifor  is  firft  to  be  tried 
in  the  Dividend  as  far  as  this  point,  in  which  as  it  cannot  be  taken,  o  is 
put  in  the  Quotient,  &c.  here  the  laft  figure  5  is  too  much,  but  it  is  much 
nearer  to  5  than  to  4  ;  then  035  annexed  to  the  firft  Root  8,  makes  8035 
for  the  Root. 

Ex.  III.  What  is  the  Cube  Root  of  1 14604290,028  ,? 

11460429*0,028(4  '     48 

_JH        "  _  48 

4j°o)  _S£6o4£9°  .         "384 

126c;  jo  .192 
480000 
6065 10)  50604290  (8 


2304 


Here  480  is  taken  for  the  Root  at  the  firft  operation.  1 8432 

9216 
»  ■ 

-   Then  114604290,028  (48  1 10592 

1 10592 


.80)    4012290 

8358,9  the  Quotient. 
691200  =  triple  the  Sqi 

•ivifor  699558,9)  4012290,028 

i  '  '  34977945 

tare  of  480. 

(5736 

To     480  the  firft  Root 
Add        5,736 

Sum    485,736 

5*44955 

4896912 

248043 
209867 

•    38176  .  •.  • 

57.  Here  inftead  of  bringing  down  the  figures  of  the  Dividend  to  the 
Remainders,  the  Divifor  is  leffened  each  time  by  pointing  off  a  place  on 
the  rio-ht ;  but  regard  is  to  be  had  to  the  carnage  which  will  arife  from 
u*  jJL,  tmu  oSttod.  SECTION 
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SECTION    VIII.    OF    NUMERAL    SERIES. 

c8.  A  rank  of  three  or  more  numbers  that  incrcafe  or  decreafe  by 
an  uniform  progreffion,  is  called  a  Numeral  Series. 

59.  If  the  Progreffion  is  made  by  equal  differences,  that  is  by  the  con- 
flant  addition  or  fubtraction  of  the  fame  number ;  the  feries  is  called  an 
Jrithmetic  ProgreJJion. 

^123456789  C5V.  increafing  by  adding  1 . 
Thus<     3     6     9   12   15   i8_2i    24  27  &c.  increafing  by  adding  3. 

£  49  43  37  3  1  25   19   13     7     1  y<r.  decreafing  by  fubductinp  6. 

are  ranks  of  numbers  in  Arithmetic  Progreffion  j  and  of  fuch    inks  :here 
may  be  an  infinite  variety. 

60.  If  the  Progreffion  is  made  by  a  conftant  multiplicacic  ..  ion 
with  the  fame  number,  the  feries  is  called  a  Geometric  Progrepon, 

64  &fc.  increafing  by  z 
T       1  1  5       25      125     625   3125   1562;  &c.  increafing  by  5 

9  3  &c.  decreafing  by  3 
4  1  &c.  decreafing  by  4 


1, 


I     2 

4 

8 

16 

32 

1   s 

25 

125 

625 

312? 

6561  2187 

729 

243 

8f 

27 

6384  4096 

1024 

256 

64 

16 

are  ranks  of  numbers  in  Geometric  Progreffion  5  and  of  fuch  ranks  there 
may  be  an  infinite  variety. 

61.  The  common  Multiplier  or  Divifor  is  called  the  ratio. 

Thus  2  is  the  ratio  in  the  ift.  rank,  5  in  the  2d.  rank,  3  is  the  ratio 
in  the  3d.  rank,  and  4  in  the  4th.  rank. 

62.  In  any  feries  of  terms  in  Arithmetic  Progreffion,  the  fum  of  any 
two  terms,  confidered  as  extremes,  is  equal  to  the  fum  of  any  two  terms 
taken  as  means  equally  diftant  from  the  extremes. 

Thus  in  3  terms  (where  the  ift.  and  3d.  are  extremes,  and  the  other  the  mean) 
viz.  6  .  9  .   12;  then  6-{-i  2=9-4-9=1 8. 
And  in  4  terms,  viz.  13  .  19  .  25  .  31. 
Then  13+31=194-25=44. 
Alfo  in  the  terms  49  .  43  .  37  .  31  .  25  .  19  .  13  .  7  .  1. 

Then49+i=43Hr7=37+I3=3I-+-I9=25+*5=5°- 

63.  In  a  feries  of  terms  in  Geometric  Progreffion,  the  Product,  of  any 
two  terms  confidered  as  extremes,  is  equal  to  the  Product  of  any  two  ink 
termediate  equidiftant  terms  confidered  as  means. 

Thus  in  3  terms,  viz.    5  .  25  .  125.     Or  3  .  9  .  27. 

Then  5x125=25x25=625.     Alfo  3x27=9x9=81. 

And  in  4  terms   4  .  8  .  16  .  32. 

Then  32x4=16x8=128. 

Alfo  in  the  terms    1  .  4  .  16  .  64  .  256  /  1024  .  4096  .  16384. 

Then  16384x1=4096x4=1024x16=^256x64=16384. 


64. 
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64.  Problem  I.  In  4n  Arithmetic  ProgreJJion  :  Given  the  firft  term,  the 
ctmmon  difference,  and  the  number  of  terms. 

Required  the  lajl  term. 

Rule.  Multiply  the  number  of  terms  lefs  one  by  the  common  differ- 
ence, to  the  Product  add  the  firft  term,  and  the  fum  will  be  the  laft  term. 

Ex.  I.  Suppofe  1  and  9  to  he  the  fir Jl  and  fecond  terms  of  an  Arithmetic 
ProgreJJion  of  1074  terms :  JVhat  is  the  lajl  term  ? 

Here  9 — 1=8  is  the  com.  diff.     Now  1074 — 1  =  1073. 
And  1073x8=8584.     Then  85844-1=8585=1311  term. 

Ex.  II.  A  perfon  agrees  to  difcharge  a  certain  debt  in  a  year,  by  weekly 
payments,  viz.  the  firfi  week  5  s.  the  id.  week  8  s.  &C.  conjlantly  increafmg 
each  week  by  3  s :  How  much  was  the  lajl  payment  ? 

5=1  ft.  term  Now     52 — 1=51 

3=  com.  diff.  And        51x3=155 

52=  N°.  of  terms.    Then  153-^-5=1 58^=7^.  18  j.=  laft  payment. 

65.  Problem  II.  In  an  Arithmetic  ProgreJJion :  Given  the firji  term± 
lajl  term,  and  the  number  of  terms. 

Required  the  fum  of  all  the  terms. 

Rule.  Add  the  firft  and  laft  terms  together,  the  fum  multiplied  by 
half  the  number  of  terms,  gives  the  fum  of  all  the  terms. 


Ex.  I.   Required  the  fum  of  thefirfl 
iooo  numbers  in  their  natural  order. 

Here  i  =  ift.  term,  1=  com.  diff. 

iooo=N°.  of  terms,  its  \  is  500. 

Now  iooc-f-i  =  iooi. 

Then  1001x500=500500  is  the  fum 

required. 


Ex.  II.  A  debt  is  to  be  difcharged 
in  a  year  by  weekly  payments  equally 
increajing  ;  the  ijl.  to  be  5  s.  and  the 
laft  7  £.  iSs:  Hoiv  ??iuch  was  the 
debt  ? 

Here  7  jT.  \%s. =158*.=  laft  term. 
52=N°.  of  terms,  its  \  is  26. 
Now  1584-5=163. 
Then  163x26=4238^. =21 1  £.  i8j. 
is  the  fum  of  the  terms,  or  debt. 


Ex.  III.  Suppofe  a  bajket  and  500  Jlones  were  placed  in  a  fir  ait  line  a  yard 
diflant  from  one  another :  Required  in  what  time  a  man  could  bring  them  one 
iy  one  to  the  bajket,  allowing  him  to  walk  at  the  rate  of  3  miles  an  hour  ? 

Between  the  baflcet  and  ftones  are  500  fpaces,  which  is  the  N°.  of  terms. 
Now  500-}- 1  =  50 1.     Then  501  x  250=1 25250=  fum  of  the  terms, 
But  as  he  goes  backwards  and  forwards,  he  walks  250500  yards. 
Which  divided  by  1760  (the  yards  in  1  mile)  gives  142,329  miles. 
Which  at  3  miles  an  hour,  will  take  47  h.  ;6  min.  34  fecor.ds. 


66. 
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66.  Problem  III.  In  a  Geometric  Rrogreffion :  -Given  the  firji  tertn, 
the  ratio  and  the  laji  term. 

Required  the  fum  of  all  the  terms. 
r  Rule.  Multiply  the  laft  term  by  the  common  ratio,  from  the  Product 
fubtract  the  firft  term  for  a  Dividend. 

Subtract  i  from  the  ratio  for  a  Divifor  j  then  divide,  and  the  Quotient 
will  be  the  fum  of  all  the  terms. 

"Ex.  I.  Suppofe  the  firji  term  of  a  feriesto  he  3,  the  ratio  3,  and  the  hjl 
term  6561  :  Required  the  fum  of  all  the  terms. 

Now         6561=  laft  term     And  3=  ratio 

Mult,  by         3= -ratio  Subt.  1 


Subtr. 


19683=:  Produft    Rem.   2=  Divifor. 
3=  firft  term 


19680=  Dividend 


j  -'-  ••*  Then  -2)  19680  (9840  is  the  fum  of  all  the  terms. 

Ex.  II.  Let  the  firft  term  he  2,  the  fecond  term  10,  and  the  lafl  term 
1 56250 :  Required  the  fum  of  all  the  terms'. 

Here  2)  10  (5  is  the  common  ratio. 

Now  156250x5=781250.     And  781250 — 2=781248=  Dividend. 

Alfo  5 — 1  =4  the  Divifor. 

Then  4)  781248  (1953 12  is  the  fum  of  all  the  terms. 

67.  Problem  IV.  In  a  Geometric  ProgreJJion :  Given  the  firji  term, 
the  ratio,  and  the  number  of  terms*    ■ 
Required  the  laft  term. 

Rule.  Raife  the  common  ratio  to  a  power  lefs  1  than  the  number  of 
terms  j  multiply  this  power  by  the -firft  term,  and  the  Product  will  be  the 
laft  term. 


Ex.  I.  What  is  the  10th  term  of  a 
Geometric  Series  whofe  firji  term  is 
2,  and  the  fecond  term  is  6  f 


Ex.  II.  What  is  the  12th  term  of 
a  Geometric  Series  whofe  firfi  ter?n  is 

3> 


and  id.  term  is  6  f 


Here  3)  6  (2  is  the  com.  ratio. 
Then  2  raifed'to  the  1  ifh  power  aS  in 
Ex.  I.  will  be  2048,  which  multiplied 
by    3  the  lit.   term  gives  6144  for  the 
1 2th.  term  fought. 


Here  2)  6  (3  is  the  common  ratio. 

Then        3x3=9=2$.  power. 

9x3=27=3$. 

27x3=8 1  =4th. 

81x3=243=5*. 

243x3=729=6*. 

729x3=2187=7*. 

2187x3=6561=8*. 

6561x3=19683=9*. 

19683x2=39366=10*.  term. 

As  this  method  is  extremely  tedious  when  a  diftant  term  from  the  firft  is 

required  ;  therefore  the  following  method    is  moft  convenient  for  iuch 

operations.  68. 
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68.  In  any  Arithmetic  Progreffion,  the  fum  of  any  two  terms  leflened 
by  the  firft  term,  or  their  difference  increafed  by  the  firft  term,  will  be 
affb  a  term  in  that  progreffion, 

Thusiu  the  Progreffion  i.   3-  5-  7-  9-  »•  '3-  *5-  l7-19-  21  &c> 
Then  ;-f-:  r=r8,  and  18 — i^si'7  >s  a  term  of  the  Progreffion. 
Alio  ii — 7=4,      d  4-J-i  =  5  is  a  term  of  the  Progreffion. 
And  the  like  of  the  fum  or  difference  of  any  other  iwo  terms. 

69.  In  any  Geometric  Progreflion,  the  product  of  any  two  terms 
divided  by  the  firft  term  ;  or  the  Quotient  of  any  two  terms  multiplied 
by  the  firft  term,  will  give  a  term  alfo  in  that  feries. 

Thus  in  the  progreflion  3.  6.  12.  24.  48.  96,  192,  384,  768,  &£, 

Thfn18     ;  —  3g1  ;  and  125x3=48,  are  terms  in  the  Progreffion. 
3  12 

70.  If  over  a  feries  of  terms  in  Geometric  Progreffion,  be  wrote  a  fe- 
ries of  terms  in  Arithmetic  Progreflion,  whofe  firft  term  is  0,  and  com. 
difF.  is  1,  term  for  term ;  then  any  term  in  the  Arithmetic  Series,  will 
{hew  how  far  its  correfponding  term  in  the  Geometric  Series,  is  diftant 
from  the  firft  term. 

rpi      (01234      5       6  fefir.  Arithmetic  Series. 
\  1   3  9  27  81   243  729  £5V.  Geometric  Series. 

Here  729  is  diftant  from  the  ill.  term,  6  terms  j  243  is  diftant  5  terms  j  81 
is  diftant  4  terms  &c. 

71.  The  terms  of  the  Arithmetical  Series  are  called  Indices  to  the  terms 
of  the  Geometrical  Series. 

And  hence  arifes  the  following  ready  method  of  finding  any  diftant 
term  in  a  propofed  Geometric  Progreflion. 

72.  Rule,  ift.  Write  down  6  or  7  of  the  leading  terms  in  the  Geo- 
metric Series,  and  over  them  their  Indices. 

2d.  Add  together  the  raoft  convenient  Indices  to  make  an  Index  lefs 
by  one  than  the  number  exprefling  the  place  of  the  term  fought. 

3d.  Multiply  together  the  terms  of  the  Geometric  Series,  belonging 
to  thofe  Indices  which  were  added,  make  the  product  a  Dividend. 

4th.  Raife  the  firft  term  to  a  power  whofe  Index  is  the  number  of  terms 
multiplied  lefs  one ;  make  the  refult  a  Divifor  to  the  former  Dividend, 
and  the  Quotient  wtfl  be  the  term  fought. 

When  the  firft  term  is  Unity,  the  forefaid  Dividend  is  the  term  fought. 

Ex.  What  is  she  20th  term  in  the  Geometric  Series  1  .  3  •  9  •  27  •  &c.  ? 

Here  5  °  '  2     3    4      5      6  &c-  Indices. 

\  1  3  9  27  8j  243  729  &c.  Gcom.  terms. 

,     And 


54  ARITHME-TICK,] 

And  as  20  is  the  number  of  the  place  of  the  term  fought ;  therefore  fuch  Indices 

are  to  be  added  together,  as  will  molt  readily  make  19. 

Then  6-4-6=  12  ;  iz-J-6=i8  ;  and  i?-f-i  =  19  is  the  Index  to  the  20th  term. 

NowtheGeom.  term  belonging  to  the  Index  6,  is  729. 

And  as  the  fum  of  6  and  6  made  the  Index  12. 

So  729x729=531441  is  the  Geom.term  to  the  Index  12. 

And  as  the  fum  of  6  and  1 2  made  the  Index  1 8. 

So  531441  x  729=387420489  is  theGeom.  term  to  the  Index  1.8. 

And  as  the  fum  of  1 8  and  1  made  the  Index  1 9. 

So  387420489x3  (belonging  to  the  Index  ij=i  162261467  is  the  Geom.term 

to  the  Index  19,  or  the  20th  term  in  the  propofed  feries. 

SECTION    IX.      OF      LOGARITHMS. 

73.  Logarithms  are  a  feries  of  numbers  fo  contrived,  that  by 
them  the  work  of  multiplication  may  be  performed  by  addition  ;  and 

that  of  divifwn  may  be  done  by  fubtraftion. 

Thefe  Logarithms  are  the  Indices  to  a  feries  of  numbers  in  Geometri- 
cal Progreffion. 

6  &c.  Indices  or  Logarithms. 

64  c5c.  Geometric  Progreffion. 

rni       J     {  o     1        2         3  4  5  C5V.  Indices  or  Logarithms. 

486  CSV.  Geometric  Series. 

5  &c.  Indices  or  Logarithms. 

100000  cifr.  Geom.  Series. 

Thefe  Indices  ferve  equally  for  any  Geometric  Series. 

74.  Hence  it  is  evident  there  may  be  as  many  kinds  of  Indices  0{  Lo- 
garithms, as  there  can  be  taken  kinds  of  Geometric  Series. 

75.  But  the  Logarithms  raoft  convenient  for  common  ufes,  are  thofe 
adapted  to  a  Geometric  Series  increaiing  in  a  tenfold  Progreffion,  as  in  the 
laft  of  the  examples  above. 

Now  in  this  Geometric  Series,  between  the  terms  1  and  10,  if  the 
numbers  2.3.4.5.6.7.8.9  were  interpofed,  to  them  might  In- 
dices be  alfo  adapted  in  an  Arithmetic  Progreffion,  fuited  to  the  terms  in- 
terpofed between  1  and  10,  confidered  as  a  Geometric  Progreffion  :  Alfo 
proper  Indices  may  be  found  to  all  the  numbers  that  can  be  interpofed 
between  any  two  terms  of  the  Geometric  Series. 

But  it  is  evident  that  all  the  Indices  to  the  numbers  under  10  muft  be 
lefs  than  1  ;  that  is,  are  fractions  :  Thofe  to  the  numbers  between  10  and 
100  muft  fall  between  1  and  2  ;  that  is,  are  mixed  numbers  confuting  of 
1  and  fome  fraction  :  And  fo  the  Indices  to  the  numbers  between  1 00 
and  1000  will  fall  between  2  and  3  ;  that  is,  are  mixed  numbers  confut- 
ing of  2  and  fome  fraction  :  And  fo  of  the  other  Indices. 

76.  Hereafter  the  integral  part  only  of  thefe  Indices,  will  be  called  the 
Index ;  and  the  fractional  part  will  be  called  the  Logarithm  :  And  the  com- 
puting of  thefe  fractional  parts  is  called  the  making  of  Logarithms ;  the 
moft  troublefome  part  of  this  work  is  to  make  the  Logarithms  of  the 
prime  numbers ;  that  is,  of  fuch  numbers  which  cannot  be  divided  by  an/ 
other  number  than  by  itfelf  and  unity, 

77- 


ARITHMETICK.  35 

j  j.  To  find  the  Logarithms  of  prime  numbers. 

Rule,  ifr.  Let  the  fum  of  the  propofed  number  and  its  next  lefler 
number  be  called  A. 

2d.  Divide  0,868588963  by  A,  referve  the  Quotient. 

3d.  Divide  the  referved  Quotient  by  the  Square  of  A,  referve  this 
Quotient. 

4th.  Divide  the  lafr.  referved  Quotient  by  the  Square  of  A,  referving 
tbe  Quotient ;  and  thus  proceed  as  long  as  diviiion  can  be  made. 

5th.  Write  the  referved  Quotients  orderly  under  one  another,  the  firfl 
being  uppermoft. 

6th.  Divide  thefe  Quotients  refpedtively  by  the  odd  numbers  1.3.5. 
7  .  9  .  11,  &c.  that  is,  divide  the  firft  referved  Quotient  by  1,  the  2d. 
by  3,  the  3d.  by  5,  the  4th.  by  7,  &c.  let  thefe  Quotients  be  wrote  or- 
derly under  one  another,  add  them  together,  and  their  fum  will  be  a  Lo- 
garithm. 

7th.  To  this  Logarithm,  add  the  Logarithm  of  the  next  IefTer  num- 
ber, and  the  fum  will  be  the  Logarithm  of  the  number  propofed. 

Ex.  I.  Required  the  Logarithm  of  the  number  2. 
Here  the  next  lefs  number  is  1 .     And  24-1=3= A. 
And  the  Square  of  A  is  9.     Then 

c,868,88?63_289529654     An<J    ^SVgu^ 

3  1 

0,289529694      _./-/-  „  ,032169962 

2>_L_L-.=J03  2169962  &  2-*..     -^     =,010723321 

9  3 
0,032160062  '  ,003574440 
2— ^-=,003574440  &  !^_-=j0007l4888 

0,003574440  .        0  ,000397160 

— iii2n_— ,000397160    &  J^  -=,000056737 

0.00030*7160  ,000044129 

■=,000044129    &       -.=,000004903 

0,000044129  ,000004903 

^=,000004903    &      y\ — =,000000445 

0,000004903  ,00000054c 

^— z— =,000000545    &       ~--p =,000000042 

0,000000545  ,000000060 

•  =,003000060     &         — =,000000004 


To  this  Log.  0,301029994 

Add  the  Log.  of  1=0,000000000 


Their  fum  is  the  Log.  of  2=0,301029994 

This  procefs  needs  no  other  explanation  than  comparing  it  with  the  rule. 

78.  The  number  0,868588963  is  the  Quotient  of  2  divided  by 
2,302585093,  which  is  the  Logarithm  of  10,  according  to  the  firft  form 
of  the  Lord  Nepier,  who  was  the  inventor  of  Logarithms.  The  manner 
Whereby  Nepier's  Log.  of  10  is  found,  may  be  ken.  in  many  books  of 

F2  Algebra; 
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Algebra  ;  but  is  here  omitted,  bccaufe  this  treatife  does  not  contain  the  ele-. 
ments  of  that  fcience  :  However  thofe  who  have  not  opportunity  to  en- 
ter thoroughly  into  this  fubjecl,  had  better  grant  the  truth  of  one  number, 
and  thereby  be  enabled  to  try  the  accuracy  of  any  Logarithm  in  the  ta- 
bles, than  to  receive  thofe  tables  as  truly  computed,  without  any  means 
of  examining  the  certainty  thereof. 

That  the  manner  of  computing  thefe  Logarithms  may  be  familiar  to  the 
reader,  the  operations  of  making  feveral  of  them  are  here  fubjoined. 

Ex.  II.  Required  the  Logarithm  of  the  number  3. 
Here  the  next  lefa  number  is  2  ;  and  ■$-){- zzzz  $■=.&,  whofe  Square  is  25. 

J173717792 


0,868588963 _ 


And 


<hl737l7?9*. 

25 

0.00694.8712 

0,00027.79.1.8 

25 

O.OOCO!  I  T  l8 


O.  OOOOOOa4 J 

"  ZS 


69487I2. 

277948. 

I  II  l8. 

445- 
18. 


& 


& 


& 


604871 2 


2779.1.8 

Iin8_ 
7  ~ 

A4.C 


2316237 

5559° 
158S 

49 


To  this  Logarithm 

Add  the  Log.  of  2. 

The  fum  is  the  Logarithm  of  3 


6j9i25<j 
0,301029992 
0.4771  21  250 


Since  the  Logarithms  arc  the  Indices  of  numbers  confidered  in  a  Geo-* 
flfttetric  Progreihon  ;  therefore  the  funis,  or  differences,  of  thefe  Indices, 
will  be  Indices  or  Logarithms  belonging  to  the  Produces,  or  Quotients, 
of  fuch  terms  in  the  Geometric  Progrefiion  as  correipond  to  thofe  Loga- 
rithms as  were  added  or  fubtracted.   (72). 


Ex.  III.  Required  the  Log.  of  4. 
Now  4—2x2. 
Then  to  the  Log.  of  2     0,301029992 

Add  the  Log.  of  2     0,501029992 
Sum  is  the  Log.  of  4    0,602059984 


Ex.  V.  Required  the  Log.  of  10. 
In  the  original  Series,   1  is  ailumed  for 
the  Logarithm  of  10.. 


Ex.  VII.  Required  the  Log.  of  2. 
Now  8522XZX?.- 

Therefore  the  Log.  of  2  taken  thrice 
gives  the  Log.  of  the  number  8. 
The  Log.  of  2  is  0,301029992 

Which  multiplied  by  3 

Gives  the  Log,  of  8.         o.<;<  3089976, 


Ey.  IV.  Required  the-  Log.  of  6» 
Now  3x2=6. 

Then  to  the  Log.  of  3     0,477121250 

Add  the  Log.   of  2     0.301020992 

Sum  is  the  Log.  of   6     0,77^1 5  •  242 

Ex.  VI.  Required  the  Log.  of  5, 
Now  10  divided  by  2  gives  5, 
Then  from  Log.  of  10      i,cooooooca 
Ti.k;e  Log.  of    2     0,301.029992 
Leaves  the  Log.  of    5     "0.09897000ft 

Ex.  VIII.  Required  the  Log.  ofg. 
Now  9=3x3. 

Therefore  the  Log.  of  3  doubled  gives 
the  Log.  of  9. 

The  Log.  of  3  is  0,477121250 

Which  multiplied  by  2 

Gives  the  Log,  of  9.        0.95424250a 

"Ex, 
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£x.  IX.  Required  the  Logarithm  of  7. 

Kere  6  is  the  next  leffer.     Then  "]-\-6—\  3= A  ;  and  169= Square  of  A, 

0,868588963         >.._  ,        .     ,      ,o668i/!.c?6  ' 

J i — £-£—,066814536.     And      « =,066814536 

0,066814536  .  39?3<;2 

'  l6g       --  395352.  &  ■  3^=  13I734 

0.000395352  B  2330 

. — %~-      2339.  &  -^f-       463 

0,000002330  .  JA 

i =  14.     &  —z=  2 

109  T  7 


To  this  Logarithm  0,066946790 

Add  the  Logarithm  of  6  0,778 1 5 1242 

The  fum  is  the  Logarithm  of  7         0,845098032 

The  Log.  of  12   is  equal  to  the  fum  of  the  Logs,  of  3  &  4,  or  of  2  &  6. 

The  Log.  of  14  is  equal  to  the  fum  of  the  Logs,  of  7  &  2 
of  15  of  3  &  5 

of  16  of  4  &  4,  or  of  8  &  2 

of  18  of  3  &  6,  or  of  9  &  2  ' 

of  20  ,  of  4  &  5,  or  of  10  &  2 

79.  The  Logs,  of  the  prime  numbers  ir,  13,  17,  19,  aretobefound 
as  in  the  examples  I.  II.  IX.  and  in  like  manner  is  the  Log.  of  any  other 
prime  number  to  be  found  j  but  it  may  be  obferved,  that  the  operation  is 
fhorter  in  the  larger  prime  numbers ;  for  any  number  exceeding  400, 
the  firft  Quotient  added  to  the  Logarithm  of  its  next  leffer  number,  will 
give  the  Logarithm  fought,  true  to  8  or  9  places  ;  and  therefore  it  will 
be  very  eafy  to  examine  any  fufpecled  Logarithm  in  the  tables. 

80.  The  manner  of  difpofing  the  Logarithms  when  made,  into  tables 
is  various :  But  in  this  treatife  they  are  ordered  as  follows. 

Any  number  under  100,  or  not  exceeding  two  places,  and  its  Logarithmic  is 
found  in  the  firft  page  of  the  table,  where  they  are  placed  in  adjoining  co- 
lumns ;  and  diftinguifhed  by  the  title  Num.  for  the  common  numbers; 
and  by  Log.  for  the  Logarithms. 

.    A  number   of  three  or  four  places    being  given,  its  Logarithm  is  thus 
found. 

Seek  for  a  page  in  which  the  given  number  fhall  be  contained  between 
the  two  numbers  marked  at  the  top,  annexed  to  the  letter  N :  Then 
right  againft  the  three  firft  figures  of  the  given  number,  found  in  the  co- 
lumn figned  Hum,  and  in  the  column  figned  by  the  fourth,  ftands  the 
Logarithm  belonging  to  that  number  of  four  places. 

If  the  number  confifted  of  3  places  only  ;  then  thefe  places  found  as 
before  directed,  the  Logarithm  ftands  againft  them  in  the  cclumn. 
f'gned  0, 


Thus, 
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Thus,  to  find  the  Logarithm  of  5  J  38.  Seek  for  a  page  wherein  ftands 
at  top  N.  5500  to  6000 ;  then  in  the  column  figned  Num.  find  573, 
right  againft  which  in  the  column  figned  8,  ftands  ,75876  which  is  the 
Logarithm  to  5738,  exclufive  of  its  Index. 

81.  A  Logarithm  being  given ,  its  number  is  thus  found. 

Seek  for  a  page  wherein  the  three  firft  figures  of  the  given  Logarithm  is 
found  at  top  annexed  to  the  letter  L  -,  then  in  one  of  the  columns  figned 
with  the  figures  o,  1,  2,  3,  4,  5,  6,  7,  8,  9,  find  a  number  the  near- 
eft  to  the  given  Logarithm ;  againft  this  number  in  the  column  figned 
Num.  ftand  three  figures,  to  the  right  of  thefe  annex  the  figure  with 
which  the  column  was  figned,  and  this  will  be  the  number  corre- 
fponding  to  the  given  Logarithm,  not  regarding  the  Index. 

82.  A  general  rule  to  find  the  Index  to  the  Log.  of  a  given  number. 
To  the  left  of  the  Logarithm,  write  that  figure  (or  figures)  which  ex- 

preffes  the  di fiance  from  unity ,  of  the  higheji-place  digit  in  the  given  num- 
ber, reckoning  the  unit's  place  O,  the  next  place  1,  the  next  place  2,  the  next 
place  3,  &c. 

When  there  are  integers  in  the  given  number,  the  Index  is  always 
affirmative ;  but  when  there  are  no  integers,  the  Index  is  negative,  and 
is  to  be  marked  by  a  little  line  drawn  above  it :  thus  T- 

Thus  a  number  having  1.2.3.4.5  Isc.  integer  places. 

The  Index  of  its  Logarithm  is  0.1.2.3.4  cifc. 

And  a  fraction  having  a  digit  in  the  place  of  Primes.  Seconds.  Thirds. 
Fourths  &c. 

Then  the  Index  of  its  Logarithm  will  be  T .  T  .  Y  •  4  &c- 

By  the  above  rule,  the  place  of  the  fractional  comma,  or  mark  of  di- 
ftinclion,  in  the  number  anfwering  to  a  given  Logarithm,  will  be  always 
known. 

83.  The  more  places  the  Logarithms  confift  of,  the  more  accurate,  in 
general,  will  be  the  refult  of  any  operation  performed  with  them  :  But  for 
the  purpofes  of  Navigation,  as  five  places,  exclufive  of  the  Index,  are  fuffi- 
cient,  therefore  the  logarithmic  tables  in  this  treatife  are  not  extended 
any  farther. 

84.  All  numbers  confifting  of  the  fame  figures,  whether  they  be  inte- 
gral, fractional,  or  mixed,  have  the  fradional  parts  of  their  Logarithms 
the  fame. 

If  the  following  examples  be  well  attended  to,  there  will  be  no  difficulty 
in  finding  the  Logarithm  to  a  propofed  number,  or  the  number  to  a  pro- 
pofed  Logarithm,  within  the  limits  of  the  table  of  Logarithms  here  ufed. 


•  Num. 

5874 
587.4 
58,74 
5.874 
0,5874 
0,05874 
0,005874 


Logarithms 

Logarithms 

Numbers. 

3»76893 

0,37295 

2,360 

2,76893 

1,28631 

!9,33 

1,76893 

2.S»947 

330.7 

0,76893 

3.75062       . 

5632, 

^.76893 

£18397 

0,001527 

2,76893 

2,43020 

0,02693 

I.76893 

i  ^85962 

0,7238 

85.  Mia- 
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85.  MULTIPLICATION  BY   LOGARITHMS; 

Or,  Two  or  more  numbers  being  given,  to  find  their  VroduEt  by 
"Logarithms. 

Rule.  Add  together  the  Logarithms  of  the  Factors,  and  the  fum  is  a 
Logarithm,  whofe  correfponding  number  is  the  Product  required. 

Obferving  to  add  what  is  carried  from  the  Logarithm  to  the  fum  of  the 
affirmative  Indices. 

And  that  the  difference  between  the  affirmative  and  negative  Indices  are 
to  be  taken  for  the  Index  to  the  Logarithm  of  the  Product. 


Ex.  I.  Multiply  86,25  b  6>48- 

86,25  its  Log.  is      1,93576 
6,48  its  Log.  is      0,81157 


Produft      558,9 


2>74733 


Ex.  III.  Multiply  3,768  by  2/053 
undby  0,007693. 

3,768  its  Log.  is     0,57611 
2,053  0,31239 

0,007693  3,88610 


Produft     0,05951         2,77460 


The  1  carried  from  the  left  hand 
column  of  the  Logs,  being  affirm- 
ative, reduces  "J"  to  T. 


Ex.  II.  Multiply  46,75  by  0,3275. 

46,75  its  Log.  is     1,06978 

°>3275  its  Log.  is  1,51521 

Produft       15,31  1,18499 

Ex.  IV.  Multiply  27,63  by  1,859 
and  by  0,7258  and  by  0,03591. 

27,63  its  Log.  is      1,44138 
1^859  0,26928 

0,7258  T,86oS2 

0,03591  2,55?2I 

Produdl  1,339         o,  i2a6q 

Here  2  being  carried  to  the  In- 
dex 1,  makes  3 ;  which  takes  off 
the  T  and  T. 


86.    DIVISION    BY    LOGARITHMS; 

Or,  Two  numbers  being  given,  to  find  how  often  the  one  will  con- 
tain the  other,  by  Logarithms. 

Rule.  From  the  Log.  of  the  Dividend,  fubtracl:  the  Log.  of  the  Divifor; 
then  the  number  agreeing  to  the  Remainder,  will  be  the  Quotient  required. 

But  obferve,  to  change  the  Index  of  the  Divifor  from  negative  to  affirm- 
ative, or  from  affirmative  to  negative  :  And  then  let  the  difference  of  the 
affirm,  and  neg.  Indices  be  taken  for  the  Index  to  the  Log.  of  the  Quotient.- 

When  an  unit  is  borrowed  in  the  left  hand  place  of  the  Logarithm,  add 
it  to  the  Index  of  the  Divifor,  if  affirmative;  but  fubtracl:  it  if  negative 3 
and  let  the  Index  arifing  be  changed  and  worked  with  as  before, 


Ex.  I.  Divide  558,9  by  6,48. 
The  Log.  of  the  Div.  558,9152,74733 
TheLog.  of  theDivifor  6,48  is  0,8 1 1 57 

The  Quotient  is      86,25     I>9357° 

Ex.  III.  Divide  0,05951  its  Leg.  is 

By  0,007693 
The  Quotient  is    7,735 


Ex.  II.  Divide  15,31  ty  46,75. 
The  Log.  of  the  Div.  15.31  is  1,18497 
TheLog.  of  theDivifor  46,75151,66978 

The  Quotient      is  0,3275  7, 5 1 5 1 9 

^77459 
3^88610 

0,888 iq 

O  F 


4d 
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ift.  State  the  terms  of  the  queftion  (by  46)  and  let  them  be  wrote  or* 
derly  under  one  another, '  prefixing  to  the  firft  term  the  word  As,  to  the 
fecond  Toy  to  the  third  So*  and  under  them  fet  the  word  To. 

2d.  Againft  the  firft  term,  write  the  arithmetical  complement  of  its 
Logarithm.  / 

3d.  Againft  the  fecond  and  third  terms,  write  their  Logarithms. 

4th.  Thefum  of  thefe  three  Logarithms,  abating  10  in  the  Index,  will 
be  the  Logarithm  of  the  fourth  term  j  which  fought  in  the  tables^  the 
number  anfwering  thereto,  is  the  anfwer  or  term  fought. 

88.  The  arithmetical  complement  of  a  Logarithm  is  thus  found.  Be- 
ginning at  the  Index,  write  down  what  each  figure  wants  of  9,  except 
the  laft,  which  take  from  10. 

But  if  the  Index  is  negative,  add  it  to  9  j  and  proceed  with  the  reft  as 
before. 


Ex.  I.  Find  a  fourth  proportional 
number  to  98,45  and  1,969  and 34.7,2. 

As  98,45 
To  1,969 
So     347,2 

To    6,91.4  0,84161 


Ex.  III.  JVhnt  ivill  a  gunner's  pay 
amount  to  in  a  year  at  2  £.  12  s.  6d. 
a  month  of  2%  days  ? 

As     28  days  8,55286 

To    365  day9  2,56229 

So     2j£.  12 s.  6d.~z,625jT.  0,41913 

To    34*C-4'-  5^- =34.2  2^.  1,53428 


Ex.  V.  What  number  willhave  the 
fame  proportionto  0,8538  as  0,3275 
has  to  0,0131  ? 


8*00678 

As     9,642 

9,01583 

0,29425 

To    4,821 

0,68314 

2,54058 

So     4,821 

0,68314 

As 
To 
So 

To 


0,01 3 1 
0,3275 

0,8538 

21,34 


11.5 


«.$  1.5.2* 

7,93125 

1,32919 


Ex.  II.  Find  a  third  proportional 
number  to  9,642  and  4,821. 


To     2,411 


0,38211 


Ex.  IV.  If  |  of  a  yard  of  cloth 
cojl  -f  of  a  guinea  :  How  many  ells 
Englijh  for  3  £.  10  s? 


As    -*  Guin.   =  14  s. 

8,85387 

To   i£.  ios.zzjo  s. 

1,84510 

So     |  ell         =o,6 

i./78^ 

To    3  ells 


0,477 1 2 


Ex.  VI.  How  many  yards  of  gal- 
loon of  -|  ell  wide  will  be  enough  to 
line  a  coat  containing  3^,  ells  of  i-| 
yards  zuide  ? 

As    -lx-l  yd.  w. =0,9375     10,0280.3 
To     if     yd.  w  =1,75  0,24304 

So     3fx|yd.'l.  =4,375         0,64098 

To    8|yd.  long=8,i67         0,91205 


O  F 
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OF    POWERS    AND    THEIR    ROOTS. 

90.      A  number  being  given,  to  find  any  propofed  power  thereof. 

Rule,   ift.  Seek  the  Logarithm  of  the  given  number. 
2d.  Multiply  this  Logarithm  by  the  Index  of  the  propofed  power. 
:  3d.  Find  the  number  correfponding  to  the  Product,  and  it  will  be  the 
power  required. 

Ex.  I.  What  is  the  %d,  power  of  I      Ex,  II.  What  is  the  %ck  power  of 
'  number  -2. 87A  ?  the  number  7.-768  ? 


the  number  35874 

To  3,874  its  Log.  is 
The  Index  is 


0,58816 
2 


The  power  fought  is  15,01     1,1763; 


Ex.  III.  TVImt  is  the  12th.  poiver 
cf  the  number  1,539? 

1,539  its  Log.  is     0,18724 
-  -  The  Index  is  12 


The  power  fought  is  176,6      2,24688 


the  number  2,; 

The  num.  2,768,  its  Log.  is    0,44217 
The  Index  is  3 

The  power  fought  is  21,21      1,32651 

Ex.  IV.  What  is  the  365?/;.  power 
of  the  number  2  I 


2  its  Log.  is 
The  Index  is 


0,30103 

365 

1 505 1 5 
180618 


In  the  IV.  Ex.  the  Index  of  the  Product  being  109,  fhews   90309 
that  the  required  power  will  eonfift  of  1 10  integer  places ;  of 


which  no  more  than  4-  places  are  found  in  thcfe  tables  ;  there-  IC9>8759£ 

fore  the  number  fought  may  be  thus  exprefled  7515  [<o6j: — "" 

That  is  7515  with  106  cyphers  annexed. 

91.    A  number-  being  given,  to  find  any  propofed  Root  thereof. 

Rule.  Divide  the  Logarithm  of  the  given  number  or  power,  by  the- 
Index  of  the  propofed  Root ;  and  the  number  correfponding  to  the  Quo- 
tient will  be  the  Root  required* 


Ex.  I.  What  is  the  Square  Root  of 
the  number  1501  ? 


2)  3,17638 


Root  fought  is  38,74 


1,58819 


Ex.  III.  What  is  the  Root,  whereof 
176,6  is  the  12th.  power  ?* 


12)  2,24686 


Roet  fought  is  1,539 


0,18724 
Q 


Ex,  II.  TFhat  is  the  Cube  Root  of 
the  number  2121  ? 


Root  fought  is  12,85 


3)  3^2654 

1,10885 


Ex.  IV.  What  is  the  Root,  luhereof 
2  is  the  365^.  power  ? 


Root  fought  is  1,092 


365)0,30103 
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BOOK     II. 

OF      GEOMETRY. 

SECTION    I. 

Definitions  and   Principles, 
92.  y^l  EOMETRY  is  a  fcience  which  treats  of  the  defcrtptions, 
VT"  properties  and  relations  of  magnitudes  in  general :  Or  of  fuch 
things  where  length,  or  where  length  and  breadth,  or  length  breadth  and 
thicknefs  are  confidered. 

93.  A  Point  is  that  which  is  without  parts  or  dimenfions. 

94.  A  Line   is  length  without  breadth  :  It  is  called  a 
-**•                       Right  Line  when  'tis  the  fhorteft  diftance  between  two 

joints  (as  a  b)  :   Or  a  Curved  Line  when  it  is  not  the 
fhorteft  diftance  (as  c  d). 

A  line  is  afually  denoted  by  two  letters,  viz.  one  at  each 
end  (as  a  b,  c  d). 

95.  A  Superficies  or  Surface  is  that  magnitude 
which  has  only  length  and  breadth,  and  is  bounded  by 
lines,  as  fg, 

96.  A  Solid  is  that  magnitude  which   has  length 
/-^  breadth  and  thicknefs. 

97.  A  Figure  is  a  bounded  fpace,  whofe  limits  or 
bounds  may  be  either  lines  or  furfaces. 

-—^       98.   A  Plane  or  a  Plane  figure  is  a  fuperficies 
I  D   /    Ce  \  which  lies  evenly,  or  perfectly  flat,  between  its  limits  j 

I (     \ /and  may  be  bounded  by  one  curve  linej  but  not  with  lefa 

than  three  right  lines,  as  a,  b,  C,  d  or  E,  ©V, 

99.  A 
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99.  A  Circle  is  a  plain  figure  bounded  by  an  uni- 
formly curved  line  called  the  Circumference  (as  a  b  d), 
which  is  every  where  equally  diftant  from  One  point  (c) 
within  the  figure,  called  the  Centre. 

100.  A  Radius  is  a  right  line  drawn  from  the  centre 
to  the  circumference  (as  c  a,  cd,  c  e). 

All  the  radii  of  the  fame  circle  are  equal. 

101.  An  Arc  is  any  part  of  the  circumference  (as  a  b 
or  a  d). 


102.  A  Chord  is  a  right  line  joining  the  ends  of  an  arc  (as  A  b) 
and  is  faid  to  fubtend  thai  arc  -3  it  divides  the  circle  into  two  parts  called 
fegments. 

103.  A  Diameter  is  a  chord  paffing  thro'  the  centre  (as  d  e),  and 
divides  the  circle  into  two   equal  parts  called  Semicircles. 

104.  The  Circumference  of  every  circle  is  fuppofed  to  be  divided 
into  360  equal  parts  called  Degrees  ;  each  degree  into  60  equal  parts 
called  Minutes  ;  each  minute  into  60  equal  parts  called  Seconds,  &c, 

105.  A  Plane  Angle  is  the  aperture  or  inclination 
of  two  lines  on  the  fame  plane,  meeting  in  a  point  (as  a 
cb). 

A  right  lined  angle  is  formed  by  two  right  lines.  The 
point  where  the  lines  meet  is  called  the  angular  point 
(as  c).  V« 

The  lines  which  form  the  angle  are  called  legs  (as  ca, 
c  b). 

An  angle  is  ufually  marked  by  three  letters,  viz.  one  at  the 
angular  point,  and  one  at  the  other  end  of  each  leg  ;  but  that 
.  at  the  angular  point  is  always  to  be  read  the  middle  letter  (as 

A  C  B,   or  B  C  A. 

106.  The  meafure  of  a  right  lined  angle,  is  an  arcc 
(b  a)   contained  between  the  legs  (c  b,  c  a)  including 
the  angle,  the  angular  point  (c)  being  the  centre  of  that 
arc. 

107.  A  Right  Angle  is  that  whofe  meafure  is  a 
fourth  part  of  the  circumference  of  a  circle,  or  ninety 
degrees.     Thus  the  angle  A  c  b  is  a  right  angle. 

108.  A  Perpendicular  is  that  right  line  which  cuts 
another  at  right  angles ;  or  which  makes  equal  angles  on 
both  fides.     Thus  d  c  is  perpendicular  to  a  b,    when^ 
the    angles  DC  A  and  dcb  are   equal,    or    are    right    D 
angles, 

109-  An  Acute  Angle  (a  c  b)  is  that  which  is  lefsE  C 
than  a  right  angle  (d  c  b). 

110.  An  Obtuse  Angle  (e  e  g)  is  that  which  is 
greater  than  a  right  angle  (hfg). 

Acute  and  obtufe  angles  are  called  Obliqlje  Angles.  __ 

in.  Parallel  Lines,  are  fuch  right  lines  in  the^- 


B 


fame  plane,  which  do  not  incline  to  one  another  (asC 

-A  B,   CD).  G   2 


112. 


A 


*4 


G  E  O  M  E  T  R  Y. 


\ 


u  J2 


i\ 


./ 


112.  A  Triangle  is  a  plane  figure  bounded  by -three 
lines. 

113.  An  Equilateral  Triangle  is  that  whofe 
^ three  lines  or  fides  are  equal  (as  a). 

114.  An  Isosceles  Triangle  is  that  which  has  only 
two  equal  fides  (as  b  or  c). 

115.  A  Right  angled  Triangle  (abc)  is  that 
which  has  one  right  angle  (b). 

116.  An  Obtuse  angled  Triangle  (d  e  f),  has 
one  obtufe  angle  (e)> 

117.  An  Acute  angled  Triangle  (g)  has  all  it$ 
angles  acute. 

ii8.  A  Quadrangle  is  a  plane  figure  bounded  by 
four  right  lines  cr  fides. 

A  Quadrangle  is  ufually  exprcjftd  by  letters  at  the  eppofiie 
angles. 

1 19.  A  Parallelogram  is  a  quadrangle  whofe  op- 
pofite  fides  are  parallel  and  equal  (as  p). 

120.  A  Rectangle  is  a  parallelogram  with  right 
pfigles ;  and  whole  length  is  greater  than  its.  breadth 
(as  r). 

121.  A  Square  vis  a  parallelogram  having  four  equal 
fides,  and  right  angles  (as  s). 

122.  A  Trapezium  is  a  quadrangle  whofe  onpofit'e 
fides  are  not  parallel  (as  t). 

123.  The  Diagonal  of  a  quadrangle,  is  a- line  (ab) 
drawn  from  one  angle,  to  its  oppoiite  angle. 

124.  The  Base  of  a  figure,  is  the  line  it  is  fuppofed 
to  ftand  on. 

125.  The  Altitude  or  Height  of  a  figure,  is  the 
perpendicular  diftance  (ab)  between  the  bale,  and  the 
vertex  or  part  molt  remote  from  the  bafe. 

126.  Congruous  Figures,  are  thofe  which  agree, 
or  correfpond,  with  one  another,  in  every  refpeel:. 

127.  A  Tangent  to  a  circle  is  a  right  line  (ab) 
touching  its  circumference  but  not  cutting ;  and  the  point 
(c)  where  it  touches,  is  called  the  point  of  contact. 

128.  An  Angle  (b  a  c)  in  a  Segment  (c  a  db)  is, 
when  the  angular  point  is  in  the  circumference  of  the  feg- 
ment,  and  the  legs  including  the  angle  pafs  thro'  the  ends 
(b,  c )  of  the  chord  of  the  fegment. 

Such  an  angle  is  faid  to  be  in  a  circumference ;  and  to 
Jhnd  on  the  arc  (?c|  included  between  the  legs  (ab,    ac| 
of  the  angle, 
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129.  Right  lined  figures  having  more  than  four  fides,  are  called  Poly- 
gons ;  and  have  their  names  from  the  number  of  their  angles  or  fides ;  as 
4hofe  of  five  fides  are  called  Pentagons ;  of  fix  fides  Hexagons ',  of  feven 
fides  Heptagons  5  of  eight  fides  O&ogons,  &c, 

130.  A  Regular  Polygon  is  a  figure  with  equal  fides,  and  equal 
angles. 


131.  A  figure  is  faid  to  be  inferibed  in  a  circle,  when  all  the  angles  of 
that  figure  are  in  the  circumference  of  the  circle. 

1 32.  A  figure  is  faid  to  circumfcribe  a  circle,  when  every  fide  is  touched 
by  the  circumference  of  the  circle. 

133.  A  Propofition  is  fomething  propofed  to  be  confidered ;  and  re- 
quires either  a  folution  or'  anfwer,  or  that  fomething  be  made  out  or 
proved, 

A  Problem  is  a  practical  propofition,  In  which  fomething  Is  propofed  to 
be  done,  or  efFe&ed.  , 


A  Theorem  is  a  fpeculative  propofition,  or  rule,  in  which  fomething  is 
affirmed  to  be  true, 


A  Corollary  is  fome  conclufion  gained  from  a  preceding  propofition. 
1 

A  Scholium  is  a  remark  on  fome  propofition;  or  an  exemplification  of 
the  matter  which  it  contains.  ' 

An  Axiom  is  a  felf  evident  truth,  or  principle,  that  every  one  aflents 
(0  upon  hearing  it  propofed. 

A  Populate  is  a  principle,  or  condition,  requefted  3  the  fimplicity  or 
reafonablenefs  of  which  cannot  be  denied. 

In  Mathematics,  the  following  Populates  and  Axioms,  are  fome  of  the, 
principles  that  are  generally  taken  for  granted. 


fOSTU- 
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POSTULATES. 

134.  I.  That  "a  right  line  may  be  drawn  from  any  given  point  to  an* 
©ther  given  point. 

1*35.  II.  That  a  given  right  line  may  be  continued,  or  lengthened,  at 
pleafure. 

136.  III.  That  from  a  given  point,  and  with  any  radius,  a  circle  may 
fee  defcribed. 

A  X  I  O  M  S. 

137.  I.  Things  equal  to  the  fame  thing,  are  equal  to  one  another. 

138.  II.  If  equal  things  are  added  to  equal  things,  the  fums  or  wholes 
Will  be  equal.     But  if  unequals  be  added,  the  fums  are  unequal. 

1 39.  III.  If  equal  things  are  taken  from  equal  things,  the  remainders 
©r  differences  are  equal :  But  are  unequal,  when  unequals  are  taken. 

140.  IV.  Things  are  equal,  which  are  double,  triple,  quadruple  &c, 
<>r  half,  third  part  &c.  of  one  and  the  fame  thing,  or  of  equal  things. 

141.  V.  Things  which  have  equal  meafures,  are  equal. 

142.  VI.  Equal  circles  Vave  equal  radii. 

143.  VII.  Equal  arcs  in  equal  circles  have  equal  chords,  and  are  the 
meafures  of  equal  angles,  and  the  contrary. 

144.  VIII.  Parallel  right  lines,  have  each  the  fame  inclination  to  a 
fight  line  cutting'them. 

In  what  follows.  When  a  circle  or  arc  is  faid  to  be  defcribed  from  a 
letter,  it  is  to  be  underftood  as  defcribed  from  the  point  which  that  letter 
denotes,  or  marks  out  as  a  centre.  And  the  like  is  to  be  underftood  of 
the  points  where  lines  or  arcs  cut  one  another. 

145.  It  is  alfo  taken  for  granted,  that  a  line  or  diftance  can  be  taker 
between  the  compafTes  and  may  be  transferred  or  applied  from  one  place 
to  another. 

SECTIO 
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GEOMETRY. 
SECTION    IJ. 

Geometrical  Problems. 

PROBLEM!. 

To  bifefiy  or  divide  into  two  equal  parts,  a  given  line  A  Bi, 


u 


Operation,    ift.    From  the  ends  a  and  b, 
with  one  and  the  fame  radius,  greater  than  half 
A  B,  defcribe  arcs  cutting  in  c  and  d. 

3d.  A   ruler    laid  by  c  and  d,  gives  E,   the 
middle  of  A  b,  as  required. 

The  proof  of  this  operation  depends  on  articles 
191,  189. 


■Co 


A 


E 
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PROBLEM    II. 

To  bifecl  a  given  right  lined  angle  a  b  c. 


Operation,  ift.FromB,  defcribe  an  arc  ac. 

2d.  From  a  and  c,  with  one  and  the  fame  ra- 
dius defcribe  arcs  cutting  in  d. 

3d.  A  right  line  drawn  thro'  b  and  d  will  divide 
the  angle  into  two  equal  parts  as  required. 

The  proof  depends  on  art.  191. 


148. 


PROBLEM.    III. 


From  a  given  point  B,  in  a  given  right  line  A  F,  to  draw  a  right  line  per- 
pendicular to  the  given  line* 

When  b  is  near  the  middle  of  the  line 

Operation,  ift.  On  each  fide  of  b,  take 
the  equal  diftances  b  c,  and  b  e. 

2d.  On  c  and  e  defcribe,  with  one  radius4 
arcs  cutting  in  D. 

3d.  A  right  line  drawn  thro'  b  andi*  will  be 
the  perpendicular  required. 

The  proof  depends  on  art.  193. 


'  1 


A  C 


B 


E   F 


I49. 


When  b  is  at>  or  near  the  end  of  the  given  line* 


Operation,  ift.  On  any  convenient  point  c, 
taken  at  pleafure,  with  the  diftance  or  'radius  c  b 
defcrjbe  an  arc  dee,  cutting  ae  in  d,  b. 

2d.  A  ruler  laid  by  d  and  c  will  cut  this  arc  in  E. 

3d.  A  right  line  drawn  thro'  b  and  E  will  be  the 
perpendicular  required. 

This  depends  on  art,  213, 
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150.  PR'O.BLE  M    IV. 

To  draw  a  line  perpendicular  to  a  given  right  line  AB,  from  a  point  C 
without  that  line* 


VG 


T> 


A. 


When  the  point  c  is  nearly  oppofite  to  the  middle 
of  the  given  line. 

Operation,    ift.  On  c  with  one  radius  cut  ab 
9  —£-■•—  in  d  and  e. 

*•'<"  2d.  On  d  and  e  with  one  radius  defcribe  arcs  cut- 

!  ting  in  f. 

yiv  A  ruler  laid  by  c  and   F  gives  g  j  then  draw  c  g 

and  that  will  he  the  perpendicular  required. 
This  depends  on  art.  191,189. 

151.  TVlien  c  is  nearly  oppofite  to  one  end  of  the  given  line  A  B. 

Operation,  ift.  To  any  point  d  in  ab,  draw 
'  the  line  c  d. 

2d.  Bifedt  the  line  c  d  in  e.     (146), 
3d.  On  e  with   the  radius  e  c,    cut  ab    in   g. 
Then  c  g  being  drawn  will  be  the  perpendicular  re-? 
quired. 
r~B     This  depends  on  art.  ill. 
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PROBLE  M    V. 
To  trifefly  or  divide  into  three  equal  parts,  a  right  angle  ABC 

Operation,  ift.  From  b  with  any  radius  de- 
fcribe the  arc  a  c. 

2d.  From  a  and  c  with  the  fame  radius,  cut  the, 
arc  a  c  in  e  and  d. 

3d.  Draw  be,  b  d,  and  the  angle  abc  will  be 
divided  into  three  equal  parts, 
ii       This  depends  on  art.  267. 


A. 


153.  PROBLEM    VI. 

At  a  given  point  D,  to  make     right  lined  angle  equal  t$  a  given  right  lined 
tngle  ABC. 

Operation,  ift.  From  b  and  d  with  one  radius 
defcribe  the  arcs  a  c,  e  f. 

2d.  Lay  tho-  diftance  a  c  oil  the  arc  e  f  from  F 
*.  to  £. 

3d,  Lines  drawn  from  d,  thro*  e  and  f,  will  form 
the  angle  edf  equal  to  the  angle  abc. 

This  depends  on  art.  igu 
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J54.  PROBLEM    VII. 

To  draw  a  line  parallel  to  a  given  right  line  AB. 

When  the  parallel  line  is  to  pafs  thro'  a  given  point  c. 

Operation,  ift.  Take  any  point  d  in  the  line  i-g 

A  B  ;  and  from  that  point  with  the  radius  d  c,  cut  *^' 

AB  in  E,  and  from  e  defcribe  an  arc  f.  \ 

2d.  From  c,  with  the  fame  radius   c  d,    cut  the      ■£      \  D 
arc  in  f.  a. 

3d.  A  line  drawn  thro'  f  and  c  will  be  parallel  to 

AB. 

This  depends  on  art.  191,   185. 

155.  Wloen  the  parallel  line  is  to  be  at  the  given  dijlance  cfrom  a 

Operation,  ift.    From  the  points  a  and  b,  -^-t, — — 

with  the  radius  c,  defcribe  arcs  d  and  e. 

2d.  Lay  a  ruler  to  touch  the  arcs  d  and  e,  and  a 
line  drawn  in  that  pofition  is  the  parallel  required.       ■  :      ' 

This  operation  is  mechanical.  fjj 

156  PROBLEM    VIII. 

Upon  a  given  line  ab,  to  make  an  equilateral  triangle. 

Operation,  ift.   From  the  points  a  and  b,  — -a 

with  the  radius  ab,  defcribe  arcs  cutting  in  c. 

2d.  Draw  ca,  c  b,  and  the  figure  a  b  c  is  the 
the  triangle  required. 

The  truth  of  this  operation  is  evident ;  for  the  fides 
an  radii  of  equal  circles. 


157.  By  a  like  operation,  may  an  Ifofceles  trian- 
gle d  e  f  be  conftru&ed  on  a  given  bafe  de,  with 
the  given  equal  legs  df,  e  f. 


158.  PROBLEM    IX. 

To  make  a  right  lined  triangle  whofe  fides  jhall  be  refpeclively  equal  to  thofe 
vfa  given  triangle  ab  c  ;  or  to  three  given  lines,  provided  any  two  of  them 
taken  together  are  greater  than  the  third. 

Operation,  ift.  Draw  a  line  d  e  equal  to  the 
line  ab. 

2d.  On  u,  with  a  radius  equal  to  ac,  defcribe  an 
arcF. 

3d.  On  E  with  a  radius  equal  to  b  c,  defcribe  an 
arc  cutting  the  arc  f  in  f. 

4th.  Draw  f  d„  f  Ej  and  the  triangle  dfe  will 
fee  that  required, 

H 
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PROBLEM    X. 

Upon  a  given  line  ab,  to  defcribe  a  fquare. 

Operation,  ift.    Draw  b  c-perpendicular  and> 
equal  to  ab.     (149)- 

2d.  On  a  and  c,  with  the  radius  ab,  defcribe 


arcs  cutting  in  d.  f 

3d.  Draw  d  c,  da  ;  and  the  figure  ab  c  d 
the  fquare  required. 

This  depends  on  art.  19 1 ,  194,  185,  121. 
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160.  By  a  like  operation  a  rectangle  may  be  de- 
fcribed,  whofe  length  fhall  be  equal  to  the  given 
line  e  F,  and  the  breadth  equal  to  the  given  line  G. 


161. 
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PROBLEM    XL 

To  find  the  centre  of  a   circle. 


Operation,  ift.  Draw  any  chord  a e. 
2d.  Bife£t  ab  with  the  chord  c  d.     (146). 
3d.  Bifedr,  c  d  with    the  chord  e  f,  and  their 
interfeclion  g  will  be  the  centre  requited. 


This  defends  on  art.  208. 


162.  PROBLEM    XII. 

To  divide  the  circumference  of  a  circte  vrto  two,  four,  eight,  fixteen,  thirty 
two  &c.  equal  parts. 

•"$ X~  v''  :  Operation,    ift.  A  diameter  ab  divides  the 

<?'     •'\#*r-~JLS  _..$...    circle  into  two  equal  parts. 

ttf     2d-  A  diameter  d  e  perpendicular  to  ab,  divides 
""'"■  the  circumference  into  four  equal  parts. 

3d.  On  a,  d,  b,  defcribe  arcs  cutting  in<7,  U% 

then  by  the  interfeclions  a,  b  and  the  centre,  the 

diameters   F  G,  Hi,    being  drawn,  divides   it  into 

eight  equal  parts. 

H,  D,  f,  b,  defcribe  arcs  cutting  \ng,f,  e,  d;  by  thefe 


4th.  On  a 
and  the  centre,  diameters  being  drawn,  divides  it  into fixteen  equal  parts,  £sV 
For  at  each  operation,  the  intercepted  arcs  are  bifecled. 

563.  PROBLEM     XIII. 

To  defcribe  a  circle,  whofe  circumference  jhall  pafs  thro'  three  given  points 
A,  Bj  c,  provided  they  do  not  lie  in  one  right  line. 

Operation,  ift.  Bifeft  the  diftance  cb  with 
the  line  D  E.     (146). 
2d.  Bifect  the  diftance  ab  with  the  line  f  g. 
3d.  On  H,  the  interfection  of  thefe  lines,  with  the 
diftance  to  either  of  the  given  points,  defcribe  the 
circle  required. 
This  depends  on  art.  208.  164. 
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164.  PROBLEM    XIV. 

To  draw  a  tangent  to  a  given  circle,  that  Jhall  pafs  throy  a  given  point  A. 

When  a  is  in  the  circumference  of  the  circle. 

Operation,  ift.  From  the  centre  c,  draw 
the  radius  ca. 

2d.  Thro'  a  draw  b  D  perpendicular  to  ca 
(149).  and  b  d  is  the  tangent  required. 

This  depends  on  art.  209. 


165.  When  the  given  point  a,  is  without  the  given  circle. 

Operation,  ift.    From  the  centre  c  draw  „> >-..j 

CA,  which  bifecl:  (146)  in  B.  A1^ 

2d.  On  b,  with  the  radius  ba,  cut  the  given 
circumference  in  d. 

3d.  Thro'  d,  the  line  ae  being  drawn  will  be 
the  tangent  required. 

This  depends  on  art.  213,  209. 


166.  PROBLEM    XV. 

To  two  given  right  lines  A,  b,  to  find  d  a  third  proportional. 

Operation,  ift.  Draw  two  right  lines  mak- 
ing any  angle,  and  meeting  in  a.  -^ 

2d.  In  thefe  lines,  take  ab  —  firft  term,  and  acy    s 
ad  each  equal  to  the  fecond  term. 

3d.  Draw  bd>  and  thro'  c  draw  ce  parallel  to   ct/ 
b  d ;  then  a  e  is  the  third  proportional  fought. 


And  ab  :  ac  :  :  ad 

Or  a  :  b  :  :  b  :  d.     And  b 

This  depends  on  art.  248. 


A  :  D. 


167.  PROBLEM.    Xtl. 

To  three  given  right  lines  a,  b,  c,  to  find  d  a  fourth  proportional. 

Operation,  ift.  Draw  two  right  lines  mak-     A- - 

ing  any  angle,  and  meeting  in  a. 

2d.  In  thefe  lines  take  a  b  —  firft  term,  a  c  ■=.  fe- 
cond term,  and  ad  =  third  term. 

3d.  Draw  b  c,  and  parallel  thereto  thro'  d  draw 
de  ;  then  ae  is  the  fourth  proportional  required. 

And  ab  :  ac  :  :  ad  :  a  e. 

Or  a  :  b  :  :  c  :  d.    And  c  :  b  :  :  a  :  d. 

This  depends  on  art.  248. 


*  And  is  thus  read,     ah  is  to  ac  fo  is  ad  to  ae. 
The  firft  ;  ftands  for  is  to,  the  laft  :  for  to,  and  :  :  for/a  is. 

H2 
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168.  PROBL  ETM    XVII. 

Between  two  given  right  lines  a,  b,  to  find  d,  a  mean  proportional. 

Operation,  ift.  Draw  a  right  line,  in  which 
take  ac=zA,  abz=.B. 

2d.  Bifect  be  in  f  j  and  on  f,  with  the  radius  rb3 
defcribe  a  circle  bee. 

3d.  From  a  draw  ae  perpendicular  to  be ;  then  ae 
is  the  mean  proportional  required. 

And  ae  :  ae  :  :  ae  :  ab.     Or  a  :  d  :  :  d  :  b. 
This  depends  on  art.  254- 
PROBLEM    XVIII. 
To  divide  a  given  line  B  c  in  the  fame  proportion  as  a  given  line  A  is  divided. 
Operation,  ifr.  From  one  end  b  of  b  c,  draw 
b  D  making  any  angle  with  b  c. 

2d.  In   bd   lay  off  from  b,  the  feveral  divifions 
of  A,  fo  b  d  will  be  equal  to  a. 

3d.  Draw  c  d  ;  then  lines  drawn  parallel  to  c  D 
thro'  the  feveral  divifions  of  b  d,  will  divide  the  line 
B  c  in  the  manner  required. 
This  depends  on  art.  248. 

PROBLEM    XIX. 

To  divide  a  given  right  line  a  b  into  a  propofed  number  of  equal  parti 
(Suppofe  j). 

Operation,  ift.  From  the  ends  a,  b,  with 
the  fame  radius,  defcribe  the  arcs  c,  d  ;  and  from 
A  and  b  lines  drawn  to  touch  thefe  arcs,  as  A  E, 
B  F,  will  be  parallel.     (155). 

2d.  In  each  of  the  lines  ae,  b  f,  beginning  at 
A  and  b,  take  of  any  length,  as  many  equal  parts. 
lers  one  as  ab  is  to  be  divided  into,  viz.   1,  2,  3, 

4>  5>  6- 

3d.  Lines  drawn  from  I  to  6,  2  to  5,  3  to  4, 
&e.  will  divide  ab  as  was  required. 

This  depends  on  art.  248. 
171. 


170. 
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Anuthcr  Method. 

Operation,  ift.  Thro'  one  end  a,  draw  a  lin<5 
C  c  nearly  perpendicular  to  A  B. 

2d.  Draw  E  f  parallel  to  ab,  at  any  convenient 
diftance. 

3d.  In  e  f  take  of  any  length,  as  many  equal 
parts  as  ab  is  to  be  divided  into  \  as  1,  2,  3,  4,  5, 
6,  to  f. 

p  0 0 "■'  4th,  Thro'  b,  and  f  where  the  divifions  termi- 

nate, draw  b  c. 

5th.  Lines  drawn  from  c  thro'  the  feveral  divifions  of  e  F,  will  cut  ab 
into  the  equnl  parts  required. 

Note.  If  the  divifions  from  e  to  f  chance  to  be  Iefs  than  ab,  the  point  c, 
and  the  line  e  F  will  be  on  the  fame  fide  of  ab;  But  if  greater,  c  falls 
on  the  contrary  fide. 
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PROBLEM    XX. 

To  make  fcales  of  equal  parts. 

Operation,  i.  Draw  three  lines  a,  b,  c,  parallel  to  one  another, 
and  at  convenient  diftances,  fuch  as  are  here  exprefled. 

2d.  In  the  line  A,  take  the  equal  parts  Ab,  be,  cd,  da,  &c.  each  equal 
to  fome  propofed  length. 

3d.  Thro'  a  draw  the  line  d  e  perpendicular  to  a  a  ;  and  parallel  to 
d  e,  thro'  the  feveral  points  b,  c,  d,  a,  &c.  draw  lines  acrofs  the  three 
parallels  a,  b,  c;  then  are  the  fpaces  or  diftances  Ab,  be,  cd,  &c.  called 
the  primary  divifions. 

4th.  Diyide  the  left  hand  fpace  into  10  equal  parts  (171),  and  thro* 
thefe  points  let  lines  parallel  to  d  e  be  drawn  acrofs  the  parallels  bc; 
and  the  primary  divifion  A  b,  will  be  parted  into  10  equal  fpaces  called 
fubdivifions. 

5th.  Number  the  primary  divifions  from  the  left  towards  the  right,  be- 
ginning at  c,  and  the  fcale  is  conftru&ed. 
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Such  fcales  are  ufeful  for  conflructing  of  figures  whofe  fides  are  exprefled 
in  meafures  of  length ;  as  feet,  yards,  miles,  &c.  Or  to  find  the  mea- 
fures  of  the  lengths  of  lines  in  a  given  figure. 

Thus  a  line  of  36,  or  of  360,  feet,  yards,  £f?c  is  taken,  by  fetting 
one  point  of  the  compafles  on  the  third  primary  divifion,  and  extending 
the  other  point  to  the  fixth  fubdivifion :  And  fo  of  others. 

In  thefe  fcales  'tis  ufually  fuppofed  that  an  inch  is  divided  into  fome 
number  of  fuch  parts,  as  are  exprefled  by  the  fubdivifions. 

173.  To  find  the  divifions  of  a  fcale  of  equal  parts,  when  any  given  number 
tftbem  are  to  make  an  inch. 

Operation,  ift.  Make  a  fcale  ca,  where  the  primary  divifions 
fliall  be  each  one  inch ;  let  d  C  be  at  right  angles  to  c  a,  and  the  left 
hand  fpace  c  b  be  divided  into  10  equal  parts,  and  draw  d  b  from  any 
point  d. 

2d.  Draw  d  h,  making  with  d  c  any  angle ;  and  make  d  i  =  c  b. 

3d.  Take  the  number  of  parts  propofed  in  an  inch,  from  the  fcale  c  a, 
and  lay  them  from  d  to  n,  in  the  line  d  c,  continued  if  neceflary. 

4th.  Draw  ni,  and  c  g  parallel  tonij  and  make  Dr=DG. 

5th.  Thro'  r  draw  rs;  cutting  d  b  in  / ;  then  rt  will  be  one  of  the 
primary  divifions  containing  10  of  the  parts  the  inch  was  to  be  divided  into. 

6th.  Lines  drawn  from  d  to  the  divifions  of  c  b,  divides  rt  into  10 
equal  parts.  ,  174. 
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PROBLEM    XXI. 


To  divide  the  circumference  of  a  circle  into  degrees  ;  and  thence  to  mafo 
<?  fcale  of  chords. 

Operation,  ift.  Defcribe  the  femicircle  abd,  whofe  centre  is  c; 
and  draw  c  d  at  right  angles  to  ab. 

2d.  Trifect  the  angles  ACD,  dcb,  in  the  points  <?,  b  ;  c,  d ;  (152), 
then  by  trials,  divide  the  arcs  a  a,  ab,  bi>,  Df,  cd,  dhy  each  into  three 
equal  parts,  and  the  femicircumference  will  be  divided  into  1 8  equal  parts, 
of  10  degrees  each. 

3d.  Thefe  arcs  being  bifecled,  will  give  arcs  of  5  degrees. 

4th.  And  thefe  arcs  being  divided  into  5  equal  parts,  by  trials,  will 
give  arcs  of  1  degree  each. 

The  like  may  be  done  with  the  whole  circumference. 

cth.  The  chords  of  the  arcs  Ai,  Ac,  ad,  a  b,  a  a,  and  of  every 
other  arc,  being  applied  from  a  on  the  diameter  ab,  will  divide  ab  into 
3,  fcale  of  chords ;  which  are  to  be  numbered  from  a  towards  b. 


go  -y^  100 


A  fcale  of  chords  is  ufeful  for  conftrucYmg  an  angle  of  a  given  number  of 
degrees :  And  for  finding  the  meafure  of  a  given  angle. 
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PROBLEM    XXII. 

To  make  an  angle  of  a  propofed  number  of  degrees* 


Operation,  i.  Take  the  firft  60  deg.  from  the 
fcale  of  chords,  and  with  this  radius  defcribe  an  arc  BC, 
whofe  centre  is  a. 

2d.  Take  the  chord  of  the  propofed  number  of  de- 
grees from  the  fcale,  reckoning  from  its  beginning, 
A  ~*B      and  apply  this  diftance  to  the  arc  b  c,  from  b  to  c. 

3d.  Lines  drawn  from  a,  thro'  the  points  b  and  c,  will  form  an  angle 
BAC,  whofe  meafure  is  the  degrees  propofed. 

IVlnn  a  given  angle  b  AC  is  to  be  meafure d. 

From  the  angular  point  a,-  with  the  chord  of  60  degrees,  defcribe  the 
arc  b  c,  cutting  the  legs  in  the  points  B  and  c. 

Then  the  diftance  bc  applied  to  the  chords,  from  the  beginning,  will 
(hew  the  degrees  which  meafure  the  angle  b  a  c, 

176. 
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i76.  PROBLEM    XXIII. 

In  a  given  circle  to  infcribe  a  regular  polygon,  the  number  of  fides  being  given. 

Operation,  ift.  Divide  360  degrees  by  the 
number  of  fides,  and  the  quotient  will  be  the  de- 
grees which  meafure  the  angle  at  the  centre  of  the 
circle  fubtended  by  a  fide  of  the  polygon. 

2d.  Draw  the  radius  c  b,  make  an  angle  bcd 
equal  to  thofe  degrees,  and  draw  the  chord  dbj 
then  will  d  b  be  the  fide  of  the  polygon  required  j 
which  applied  to  the  circumference  from  b  to  a, 
a  to  bt  b  to  c  kc.  will  give  the  points  to  which  the  fides  of  the  polygon 
are  to  be  drawn. 

If  the  polygon  has  an  even  number  of  fides ;  draw  the  diameter  ab  j 
and  divide  half  the  circumference,  as  before ;  then  lines  drawn  from 
thefe  points  thro'  the  centre  as  ed,  will  give  the  remaining  points  in  the 
ether  femicircumference. 


177.  PROBLEM    XXIV. 

On  a  given  right  line  ab,  to  conjlrucl  a  regular  polygon  of  any  ajjigned 
number  ofjides. 

Operation,  ift.  Divide  360  degrees  by  the 
number  of  fides;  fubtradr.  the  quotient  from  180 
degrees,  the  remainder  will  be  the  degrees  which 
meafure  the  angle  made  by  any  two  adjoining  fides 
of  that  polygon,  and  is  called  the  angle  of  the  po- 
lygon. 

2d.  At  the  ends  a,  b,  of  the  line  ab,  make  an- 
gles a  b  c,  b  a  d,  equal  to  the  angle  of  the  polygon. 

3d.  Make  ad,  b  c,  each  equal  to  ab. 

4th.  At  the  points  c,  d,  make  angles  equal  to 
that  of  the  polygon  as  before ;  and  let  the  fides  in- 
cluding thofe  angles  be  each  equal  to  ab  j  and  thus 
proceed  until  the  polygon  is  conftructed. 


In  figures  of  any  number  of  fides,  the  two  laft. 
d  e,  C  e,  or  e  g,  h  g,  are  readier!  found  by  de- 
scribing arcs  from  c  and  d,  or  from  e  and  h,  with 
the  radius  ab,  interfecting  in  e,  or  in  g. 


In  figures  of  an  even  number  of  fides,  having  drawn  half  the  number, 
AD,  ab,  b  c,  c  f,  by  means  of  the  angles  ;  the  remaining  fides  may  be 
found  by  drawing  thro*  the  points  D  and  F,  the  lines  de,  fh,  parallel 
and  equal  to  their  oppofite  fides  C  F,  adj  and  fo  of  the  reft. 
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PROBLEM    XXV. 


About  a  given  Regular  Polygon^  to  circumfcribe  a  circle :  Or3  within  that 
Polygon  to  infcribe  a  circle* 


Operation,  ift.  Bife&  any  two  angles  fab, 
cba,  with  the  lines  AG,  bg,  and  the  point  c 
where  they  interfecl  one  another  will  be  the  centre 
of  the  polygon. 

2d.  A  circle  defcribed  from  G,  with  the  radius 
ga,  will  circumfcribe  the  given  polygon. 


179.  Or,  1  ft.  BifecT:  any  two  fides  f  e,  ED,  in  the  points  h  and  1  j 
and  draw  h  g,  1  g,  at  right  angles  toFE,  ed;  then  the  point  g  where 
they  interfecl:  each  other,  will  b^  the  centre  of  the  polygon. 

id.  A  circle  defcribed  from  G,  with  the  radius  g  h,  will  be  infcribed 
in  the  given  polygon. 

This  depends  on  art.  209. 


180. 


PROBLEM    XXVI. 


On  a  given  right  line  (ab),  to  defcribe  a  fegment  of  a  circle^  that  Jhall 
contain  an  angle  equal  to  a  given  right  lined  angle  (c). 


A  6  B  equal  to  the  given  angle  C. 
This  depends  on  art.  ao8,  209,  215, 


Operation,  ift.  Make  an  angle  baf  equal 
to  the  given  angle  c.    (1^3^ 

2d.  From  H,  the  middle  of  ab,  draw  h  1  at 
right  angles  to  ab,  and  from  a,  draw  ai  at  right 
angles  to  af,  cutting  h  1  in  1. 

3d.  From  1,  with  the  radius  ia,   defcribe  a 
circle. 

Then  will  the  fegment  agb  contain  an  angle 
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SECTION    III. 

GEOME  T'R  I  C  A  L    THEOREMS. 

Of    Planes. 

*8i.  THEOREM    I. 

\  / 

IVlwi  one  right  line  (c  n)Jiands  upon  another  right  \f. ~  /® 

Une    (ab),    they  make  Hvo   angles    (bcd,    acd)      *...J./'\        A\- 
zvhich  together  are  equal  to  two  right  angles.  /'"■■., \  /       \ 


■\         v         nt 
Demonstration.  For  defcribing  a  femicircle  adb,   on-c.  (136) 

Then  the  arc  d  b  meafures  the  angle  bcd,  (*o6) 

And  the  arc  da  meafures  the  angle  acd.  (106) 

But  the  arcs  d  b  and  ad  together  meafure  two  right  angles.  (104,  107) 
Therefore  bcd  and  acd  together,  are  equal  to  two  right  angles.  (141) 
182.  Corollary.  Hence  if  ever  fo  many  right  lines  (c  d)  ftand  on 
one  point  (c),  on  the  fame  fide  of  another  right  line  (ab)  ;  the  fum  of 
all  the  angles  are  equal  to  two  right  angles ;  or  are  meafured  by  180 
degrees. 

183.  THEOREM    II. 

If  tivo  right  lines   (ao,   e  b)  inter  feci  each  other 
f/'n  d),  the  oppofte  angles  are  equal)  viz. 

L.  CDB=Z.  ADE,    alfo  Z.  CDE  =  Z.ADB.  , 


E 

Dem.  For  l_  ade  -\-L_  adb  ==  two  right  angles.  (i8r) 

And  £_  cdb  -\-/_  adb  =  two  right  angles.  (181) 

Therefore  /_  ade  -f-Z_  adb  =Z_  cdb  -{-Z-Adb.  (137) 

Confequently  l_  ade  r=Z_  CDB.  (r39) 

184.  Corol.  -Hence  if  ever  fo  many  right  lines  crofs  each  other  in  one 
point,  the  fum  of  all  the  angles  which  they  make  about  that  point,  are 
equal  to  four  right  angles ;  or  are  meafured  by  360  degrees. 

185.  THEOREM    III. 


If  a  right  line  (fe)  cut  two  parallel  right  lines  (ab, 
C  d)  ;  then  is  the  outward  angle   (a)   equal  to  the  In-    C 
vjard  and  oppoftte  a?rgle  (d)  ;  and  the  alternate  angles 
(V5  d)  are  equal :  and  the  contrary.  . 


TV 
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Dem.  Becaufe  cd  and  ab  are  parallel  by  fuppofition: 
Then  fe  has  the  fame  inclination  to  cd  and  ab.  (144) 

And  this  inclination  is  expreffed  by  the  £_  a  or  Z.  d :  (i°5) 

Therefore  the  outward  {_.  a  is  equal  to  the  inward  and  oppofite  L  d. 
Now  the  4.  a  is  equal  to  the  Z_  c,  *  (183) 

And  fince  the  L.  a  is  equal  to  the  L_  d ; 

Therefore  the  alternate  angles  c  and  d  are  equal  ( 1  ?7 ) 

I  ->  tW. 
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186.  THEOREM    IV. 

In  any  right  lined  triangle  (abc),  the  fum  of  the 
three  angles  (a,  b,  c,)  are  equal  to  two  right  angles  : 
And  if  one  fide  (bc)  be  continued,  the  outward  angle 
(f)  is  equal  to  the  fum  of  the  two  inward  and  oppofttg 
angles  (a,  b). 

B  C      T> 

Dem.  Thro'  a,  draw  a  right  line  parallel  to  bc.  ('54)  making  with  ab 
the  JL  e,  and  with  ac  the  angle  d. 

Then/,  e  -\-Z.a  -\-l_dz=two  right  angles.  (182) 

And  A  *=/.£;  alfo  z.  d=.£_c.  (185) 

Therefore  Z.  b  +  Z.  a  +  Z.  c  =  Z.  e  -J-  L.a  +  JLd.  (138} 

Confequently  l_b-\-£_a-\-L.c-=z  two  right  angles.  ( 1 37) 

Alfo  £_  c  -\-L.f-=-  two  right  angles.  (J8i) 

Therefore  L.f—L.  a  -f-Z.  b.  ( 137) 

187.  Hence,  if  one  angle  is  right  or  obtufe,  each  of  the  others  is  acute. 

188.  If  two  angles  of  one  triangle  are  equal  to  two  angles  of  another 
triangle,  the  remaining  angles  are  equal.  And  if  one  angle  in  one  triangle 
is  equal  to  one  angle  in  another  triangle,  then  is  the  fum  of  the  remaining 
angles  in  one,  equal  to  the  fum  of  the  remaining  angles  in  the  other. 

189.  THEOREM    V. 

If  two  fides  (ab,  ac)  and  the  included  angle  (a) 
in  one  triangle  (abc),  are  refpeftively  equal  to  two 
fides  (de,  df)  and  the  included  angle  (d)  of  another 
(def),  each  to  each;  then  are  thofe  triangles  con- 
gruous. 

Dem.  Apply  the  point  d  to  the  point  a,  and  the  lin«  de  to  ab. 

Now  as  de  =  ab  (by  fuppofition) ;  therefore  the  point  e  falls  on  B. 

But  Z.  D  =Z>  A  (by  fup'.) ;  therefore  df  will  fall  on  AC 

And  fince  df  =  ac  ;  therefore  the  point  f  falls  on  c. 

Confequently  fe  will  fall  on  cb. 

Therefore  the  triangles  acb,  dfe,  are  congruous;  fince  every  part  agrees. 

190.  THEOREM    VI. 

If  two  triangles  (abc,  def)  have  two  angles  (  a,  b) 
and  the  included  fide  (ab)  in  one,  refpeclively  equal  to 
two  angles  (d,  e)  and  the  included  fide  (de)  in  the 
other,  each  to  each  j  then  are  thofe  triangles  congruous. 

A  B  33  E 

Dem.  Apply  the  point  d  to  a,  and  the  line  de  to  ab. 

Now  as  de  =  ab  (by  fup.) ;  therefore  the  point  e  falls  on  b. 

And  as  £_  d  =Z.  a  (by  fup.)  therefore  the  line  df  falls  on  ac 

Now  if  the  line  a c  is  lefs  or  greater  than  the  line  df  ; 

Then  the  line  fe  not  falling  on  cb,  makes  theZ.  b  lefs  or  greater  than  Z.  E* 

But  Z_  b  rzZ.  e  (by  fup.);  therefore  ac  is  neither  lefs  nor  greater  than  df. 

Or  the  line  AC  =DF  j  confequently  fe  =cb. 

"Therefore  the  triangles  are  congruous.  19 f. 
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191.  THEOREM    VII. 

Tivo  iri angles  (abc,  def)  are  congruous ,  when  the 
three  fides  in  the  one,  art  equal  to  the  three  fides  in 
the  other,  each  to  each. 


Dem.  Apply  the  point  d  to  a,  and  the  line  be  to  ab. 

Now  as  de  =  ab  (by  fup.) ;  therefore  the  point  e  falls  on  3. 

On  A,  with  the  radius  ac  defcribe  an  arc. 

Then  asDF  =  ac,  the  point  f  will  fall  in  that  arc. 

Alfo  on  b  with  the  radius  bc  defcribe  another  arc,  cutting  the  former. 

And  fince  ef  =  bc,  the  point  F  will  fall  in  this  arc. 

But  the  point  f  can  be  only  where  thefe  arcs  interfe£t,  as  in  c. 

Confequently  the  triangles  are  congruous. 

192.  THEOREM    VIII. 

Two  triangles  (abc,  def)  are  congruous ,  when 
two  angles  (a,  b)  and  a  fide  (ac)  oppofite  to  one  of 
them,  hi  one  triangle ;  are  refpeclively  equal  to  two 
angles  (d,  e)  and  a  fide  (df)  oppofite  to  a  like  angle 
in  the  other  triangle,  each  to  each. 

Dem.  Apply  the  point  d  to  a,  and  the  line  df  to  ac 

Now  as  df  =  ac  (by  fup.),  therefore  the  point  F  falls  on  c. 

And  as  £_  d=Z_  a  (by  fup.),  the  line  de  will  fall  on  the  line  ab. 

And  if  the  point  e  does  not  fall  on  b,  fuppofe  it  falls  on  any  other  point 

c,  and  draw  c  g. 

Then  the  angle  agc  is  equal  to  the  angle  def.  (l$9) 

And  the  z.  abc  =  (def=t)  agc,  which  is  not  true.  (186) 

Therefore  the  point  e  can  fall  no  where  but  on  the  point  b. 

Confequently  the  triangles  are  congruous. 


193.  THEOREM    IX. 

In  an  Ifofceles,  or  Equilateral  triangle  (abc)  ;  a 
line  drawn  from  the  vertex  (c)  to  the  middle  of  the  bafe 
(ab),  is  perpendicular  to  the  bafe,  and  hi  feels  the  ver- 
tical angle :  and  the  contrary. 


Dem.  The  triangles  adc,  bde,  are  congruous, 
Since  ca=cb  (114);  cd  =  cd,  and  ad  =  db  by  fuppofkion  : 
Therefore  Z.  a  —£.  b,  Z.  acd  =  bcd,  Z.  adc  =Z.  bdc.  (191) 

Confequently  cd  is  at  right  angles  to  ab.  (108) 

194.  Corol.  Hence  in  any  right  lined  triangle,  where  there  are  equal 
fides,  or  angles ; 

The  angles  (a,  b,)  oppofite  to  equal  fides  (bc,  ac,)  are  equal. 
And  the  fides  (bc,  ac3)  oppofite  to  equal  angles  (a,  b,)  are  equal. 
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THEOREM    X, 


In  every,  right  lined  triangle  (abc),  the  greatefi 
angle  (c)  is  oppofite  to  the  greafejl  fide  (abJ. 


Dem.  In  the  greated  fide  ab,  take   ad  ==.  AC,  draw  cp,  and  thro'  b 

draw  be  parallel  to  cd. 

Then  the  angles  adc,  acd,  are  equal. 

And  4  adc  —L^  ABE. 

Therefore  Z.  acd  —£_  ABE. 

That  is,  a  part  of  the  angle  acb  is  greater  than  the  angle  abg, 

Consequently  the  £_  c  is  greater  than  the  l_  B  ;   and  in  the  fame  manner,-, 

it  will  be  found  to  be  greater  than  the  Z.  a. 

196.,  Corol,  Hence  in  every  right  lined  triangle,  the  greateff.  fide  ;s 
eppofite  to  the  greateff.  angle. 


(IQ4) 
(185) 

(]3<) 
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THEOREM    XL 


Parallelograms  (ad,  de,  eh)  jlanding  on  tfe 
fame  hafe  (cd),  or 'on  equal  hafes  (cd,  Gh),  and  be-, 
txueen  the  lame  parallels,  (ch,  af),  are  eq\ial. 

~D      G       H 

Dem.  The  triangles  ace,  bdf,   are  congruous.  ('90 

ForAc=Bp,  ce  — df  (119);  and  ae=( ab-{-be  =)  bf(=e-f-j-be). 
Now  if  from  each  of  the  triangles  ace  and  bdf,  be  taken  the  triangle 
B  ie,  the  remaining  trapeziums  abic  and  feid  arc  equal.  (J39) 

Then  if  to  each  of  the  trapeziums  abic,  feid,  be  added  the  triangle 
cid,  their  fum  will  be  the  parallelograms  ad  and  de,  which  are  equal. (13^) 

And  in  like  manner  it  may  be  fliewn,  that  the  parallelogram  eh  is  equal 
to  the  parallelogram  ed=:;\d. 

c         d      c        D 

THEOREM    XII. 

A  triangle  (abc)  is  the  half  of  a  parallelogram 

(ad),  when  they  Ji and  on  the  fame  bafe  (abJ,  and 

\}//  are  between  the  fa?ne  parallels  (ab,  cd). 

A     '  * 

Dem.  Since  cb  is  a  tftagpnal  to  the  parallelogram  ad,  and  cuts  the  pa- 
rallels af,,   cd,   and  CA,   Dl>. 

Then  L.  a  — 1_  r,  and  /L  c  ~l_  s.  (185) 

And  L.  rt  cb,   L.  c,  are  reipectively  equal  to  Z_  a,  cb,  L_  u 
Therefore  the  triangles  abc  and  bcd  are  congruous.  (l9&<} 

Confequently  the  triangle  abc  is  half  the  parallelogram  ad. 

199.  Corol.  I,  Hence  every  parallelogram  is  bifedtcd.  by  its  diagonal. 

20c.  II.  Alio,  triangles  Handing  on  the  fame  bafe,  or  041  equal  bales, 
and  between  the  fame  parallels  are  equal. 
1  hry  being  the  halves  of  equal  parallelograms  under  like  cjrcumtfanccs.. 
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201.  THEOREM    XIII. 

In  every  right  angled  triangle  (bac),  the  fquare 
on  the  fide  (bc)  oppofite  to  the  right  angle  (a), 
is  equal  to  the  fimi  of  the  fquares  of  the  two  fides- 
(ab,  Ac)  containing  the  right  angle. 


Dem.  On  the  fides  a  b,  a  c,  b  c,  conftrucl:  the  fquares  a  g,  a  e,  cd 
(159);  draw  ad,  ce  ;  and  draw  af  parallel  to  bd.  ilSA-) 

Then  the  triangles  abd,  ebc,  are  congruous.  (l%9) 

For  the  /_  a  be  =z/_  cbd,  being  right  angles.  (I21) 

To  each  add  the  angle  abc,  and  Z.  ebc  and  Z.  abd  are  equal.       .  (138) 
Therefore  eb,  bc,  L,  ebc,  are  refpeclively  equal  to  ab,  bd,  £_  abd. 
Alfo  the  triangle  ebc  is  half  the  parallelogram  ae.  i1^) 

For  they  ftand  upon  the  fyme  bafe  eb,  and  are  between  the  fame  paral- 
lels eb.  and  ac,   ba  making  right  angles  with  be  and  ca  continued. 
Likewife  the  triangle  abd  is  half  the  parallelogram  bf.  C10^) 

For  they  ftand  upon  the  fame  bafe  bd,  and  are  between  the  fame  parallels 

BD,    AF. 

Therefore,  as  the  halves  of  the  parallelograms  ea  and  ef  are  equal,  con- 
fequently  the  parallelogram  bf  is  equal  to  the  fquare  ae,  ( 140) 

In  the  fame  manner  may  it  be  fhewn,  that  the  parallelogram  cf  is  equal  to 
the  fquare  AG. 

But  the  parallelograms  bf  and  cf  together,  make  the  fquare  CD. 
Therefore  the  fquare  cd  is  equal  to  the  fquares  ea  and  ag, 

202.  Corol.  I.  Hence  if  any  two  fides  of  a  right  angled  triangle  are 
known,  the  other  fide  is  alfo  known. 

For  bc  =  fquare  root  of  the  fum  of  the  fquares  of  AC  and  ab. 

ac  =fquare  root  of  the  difference  of  the  fquares  of  bc  and  ab. 
ab  =  fquare  root  of  the  difference  of  the  fqures  of  bc  and  ac. 

_  a        —  i        _    g 

203.  Or  thus,  making  the  quantities  bc  '    ab  '    ac  '  to  ftand  for 
the  fquares  made  onthofe  lines. 

And  the  mark  \/  to  ftand  for  the  fquare  root  of  fuch  quantities  as  ftand 
under  a  line  joined  to  the  top  of  this  mark. 


Then  BC=V-Aca4-  ab*;  ac  =Ybc1  —  ab*;  ab  =  Vbc- 


AC 


204.  Corol.  II.  Of  all  the  lines  drawn  from  a  given  point  to  a  given 
ine,  the  perpendicular  is  the  fhorteft. 

205.  Corol.  III.  The  fhorteft  diftance  between  two  parallel  right 
lines,  is  a  right  line  drawn  from  one  to  the  other  perpendicular  to  both. 

206.  Corol.  IV.  Parallel  right  lines  are  equidiftant ;  and  the  contrary. 
For  two  oppofite  fides  of  a  rectangular  parallelogram  are  enual  ( 1 1 9) ;  and 
pen  is  the  fhorteft  diftance.  between  the  Qther  fides, 

207. 
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207.  THEOREM    XIV. 

In  any  circle,  a  diameter  (ab)  drawn  perpendicular 
to  a  chord  (de),  bifecls  that  chord  and  its  fubtended 
arc  (dbe). 

,    Dem.  From  the  centre  c,  draw  the  radii  CD,  ce, 
to  the  extremities  of  the  chord  de. 
Then  the  triangle  cfe,  cfd,  are  congruous.  (192) 
For  cf  being  at  right  angles  to  de,  the  £,  cfd  =  ^  cfe.  (108J 

And  the  triangle  cde  being  Ifofceles  ( 1 14),  the  L.  D  =£.  E  (194).    Alio 
cf  is  common. 

Therefore  df  =  fe  :  And  the  arc  db  =  be. 

For  thofe  arcs  meafure  the  equal  angles  fce,  fcd.  ( 143) 

208.  Corol.  Hence,  in  a  circle,  a  right  line  drawn  thro'  the  middle 
of  a  chord  at  right  angles  to  it,  pafles  thro'  the  centre  of  that  circle  ; 
and  the  contrary. 

209.  THEOREM    XV. 
A  tangent  (ab)  to  a  circle,  is  perpendicular  to  a 

diameter  (dc)  drawn  to  the  point  of  contad  (c). 

Dem.  If  it  be  denied  that  dc  is  perpendicular  to  ab. 
Then  from  the  centre  d,  let  fome  other  line  db, 
cutting  the  circle  in  E,  be  drawn  perpendicular  to  ab. 

Now  the  angle  dbc  being  right,  the  angle  dcb  is  acute.  (187} 

And  dc=de,  is  greater  than  db  (196),  which  is  abfurd. 
Therefore  no  other  line  pafling  thro'  the  centre  can  be  perpendicular  to  the 
tangent,  but  that  which  meets  it  at  the  point  of  contact. 

210.  THEOREM    XVI. 

An  angle  (bcd)  at  the  centre  of  a  circle,  is  dou- 
ble to  the  angle  (bad)  at  the  circumference,  when  thofe 
angles Jland  on  the  fame  arc  BD). 

Dem.  Thro'  the  point  a  draw  the  diameter  ae. 
Then  the  angle  e cd  =z_c ad  -\-L  cd a.         (186) 
But  the  z.  cad  —L.  cda.  (194) 

Therefore  the  L.  ecd  is  equal  to  twice  the  angle  cad. 

In  the  fame  manner  it  may  be  (hewn,  that  the  angle  bce  is  equal  to  twice 

the  angle  bae. 

Confequently  the  angle  bcd  (=Z_  bce  -f-  L.  Ecd)  is  equal  to  twice  the 

angle  bad  (=£  bae  -\-C  ead).  (j38) 

211.  Corol.  I.  Hence  an  angle  (bad)  at  the  circumference  is  meafured 
by  half  the  arc  (bd)  on  which  it  ftands. 

For  the  angle  at  the  centre  (bcd)  is  meafured  by  the  arc  bd.  (106) 

Confequently  the  angle  bad  =  half  the  angle  bcd,  is  meafured  by  half 
the  arc  bd. 

212.  II.  All  angles  in  the  circumference  and  {landing  on  the  fame  arc 
are  equal. 


213. 


GEOMETRY. 
ai3.  THEOREM    XVII.  r 

An  angle  (bac)  in  a  femicircle,  is  a  right  one. 

An  angle  (dac)  in  a  fegment  lefs  than  a  femi circle,  b( 
is  obtufe. 

An  angle  (eac)  in  a  fegment  greater  than  a  femicir- 
thy  is  acute. 


H 


Dem.  For  the  angle  bac  is  meafured  by  half  the  femicircular  arc  bec, 
which  is-  equal  to  1 80  degrees.  (2 1 1 ) 

And  Z.  dac  is  meafured  by  half  the  arc  dec,  greater  than  1800. 
Alfo  z,  eac  is  meafured  by  half  the  arc  ec,  lefs  than  1800. 
Therefore  thefe  angles  are  refpe&ively  equal  to,  greater,  or  lefs  than  90 
:es.  1 


214.  Corol.  Hence  in  a  right  angled  triangle  (bac);  the  angular 
point  (a)  of  the  right  angle,  and  the  ends  (b,  c)  of  the  oppofite  fide,  are 
equally  diftant  from  (f)  the  middle  of  that  fide;  that  is,  a  circle  will  al- 
ways pafe  thro'  the  right  angle  and  the  ends  of  its  oppofite  fide  taken  as  a 
diameter. 


215. 


THEOREM    XVIII. 


The  angle  (acd)  formed  by  a  tangent  (ab)  to  a 
circle  (cde),  and  a  chord  (cd)  drawn  from  the 
point  of  contaft  (c),  is  equal  to  an  angle  (ced)  in 
the  alternate  fegment. 


Dem.  Draw  the  diameter  cf  ;  then  Z.  acf  is  right.  (209) 

Therefore  the  Z.  acf  is  meafured  by  half  the  arc  cdf.  ( 107) 

But  the  angle  dcf  is  meafured  by  half  the  arc  df.  (211) 
Therefore  Z.  acd  (=z.  acf — z.dcf)  is  meafured  by   half  the   arc 

DC  (=CDF  —  DF). 

And  z.  c  e  d  is  meafured  by  half  the  arc  c  D»  (211) 

Therefore  z.  acd  =  z,  ced.  (H1) 


*  A  fmall  °  put  above  any  figure,  fignifies  degrees. 
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THEOREM    XIX. 


Between  a  circular  arc  (ahf)  audits  tangent  (ae), 
no  right  line  can  be  drawn  from  the  point  of  con- 
tact (a). 


-iB 


DeMon.  For  if  any  other  right  line  can  be  drawn,  let  it  be  the  right 

line  ab. 

From  d  the  centre  of  ahf,  draw  dg  perpendicular  to  ab,  cutting  ab 

in  g,  and  the  arc  in  h. 

Now  as  Z.  dga  is  right ;  therefore  da  is  greater  than  dg.  .  (196) 

But  da  —  dh  (100).  Therefore  dh  is  greater  than  dg,  which  is  abfurd. 

Confequently  no  right  line  can  be  drawn  between  the  tangent  ae  and  the 

arc  ahf. 


217.  Corol.  I.  Hence  the  angle  dah,  contained  between  the  radius 
DA,  and  an  arc  ah,  is  greater  than  any  right  lined  acute  angle. 

For  a  right  line  ab  muft  be  drawn  from  A,  between  the  tangent  AE 
and  radius  ad,  to  make  an  acute  angle. 

But  no  fuch  right  line  can  be  drawn  between  ae  and  the  arc  ah. 


218.  Corol.  II.  Hence  the  angle  eah,  between  the  tangent  ea  and 
arc  ah,  is  lefs  than  any  right  lined  acute  angle. 

219.  Corol.  III.  Hence  it  follows,  that  at  the  point  of  contacl:,  the 
arc  has  the  fame  direction  as  th$  tangent,  and  is  at  right  angles  to  the  ra- 
dius drawn  to  that  point. 
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If  two  right  lines  (ab,  cd)  interfecl  any  how  (ir, 
e)  within  a  circle  ;  their  inclination  (aed,  or  ceb] 
is  meafured  by  half  the  fum  of  the  intercepted  arcs 
(ad,  cb). 


Dem,  For  drawing  db  ; 

Thez_  aed  =  z.edb -fZ.  ebd.  (186J 

But  the  L.  EDB  is  meafured  by  4  arc  CB.  (211] 

And  the  L.  ebd  is  meafured  by  ~  arc  ad.  (211 

Confequently  the  L.  aed  is  meafured  by  half  the  arc  cb  together  witl 
half  the  arc  ad. 


SECTIOl 
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SECTION    IV. 
OF    PROPORTION. 

Definitions  and  Principles. 

111.  One  quantity  A,  is  faid  to  be  meafured  or  divided  by  another  quantity 
B,  'when  A  contains  B  fome  number  of  times. 

Thus,  if  a  =  20,  and  b  =  5  ;  then  a  contains  b  four  times. 
a  is  called  a  multiple  of  b  ;  and  b  is  faid  to  be  a  part  of  a. 

222.  If  a  quantity  A  (=r  20 )  contains  another  b  (=:  5)  as  ?na?iy  times  as  a 
quantity  c  (=  24.)  contains  another  d  (—6);  then 

A  and  c,  are  called  like  ?nultiples  of  b  and  D. 

B  andr>,  are  called  like  parts  of  a  and  c  :   And 

A  is  faid  to  have  the  fame  relation  to  b,  as  c  has  to  D. 

Or,  like  multiples  of  quantities  are  produced,  by  taking  their  Rectan- 
gle, or  Product,  by  the  fame  quantity,  or  by  equal  quantities. 

The  Rectangle  or  Product  of  quantities  (a  &  s)  is  expreffed  by  writing 
this  mark  x  between  them.     Thus  a  x  b,  or  b  x  a. 

223.  When  two  quantities  of  a  like  kind  are  compared  together,  the  rela- 
tion which  one  of  them  has  to  the  other  in  refpeel  to  quantity,  is  called  Ratio. 

The  firft  term  of  a  ratio,  or  the  quantity  compared,  is  called  the  an- 
tecedent ;  and  the  fecond  term,  or  the  quantity  compared  to,  is  called  the 
Confequent. 

A  ratio  is  ufually  denoted  by  fetting  the  antecedent  above  the  confe- 
quent with  a  line  drawn  between  them. 

Thus    —  fignifies,  and  is  thus  to  be  read,  the  ratio  of  a  to  b. 

A 

The  multiple  of  a  ratio  — ,  is  the  product  of  each  of  its  terms  by  the  fame 
quantity,  or  by  equal  quantities.  Thus  _ is  the  ratio—  taken  c  times. 

A     C 

The  product  of  two,  or  more  ratios,  —  —  is  expreffed   by  taking:   the 

B     D 

product  of  the  antecedents  for  a  new  antecedent,  and  the  product  of  th» 

A    V    C  .A         C 

confequents  for  a  new  confequent.    Thus  —  - —   —  _  x  — . 

B    X    D  B         D 

224.  Equal  ratios  are  thofe  zvhere  the  antecedents  are  like  multiples  or  parts 
of  their  refpeclive  confequents. 

Thus  in  the  quantities  a,  b,  c,   d  :  Or  20,  5,   24,  6. 

In  the  ratio  of  a  to  b,  or  of  2D  to  5,  the  antecedent  is  a  multiple  of  its 
confequent  four  times.  € 

And  in  the  ratio  of  c  to  d,  or  of  24  to  6,  the  antecedent  is  a  multiple 
of  its  confequent  four  times. 
That  is  the  ratio  of  a  to  b  is  the  fame  as  the  ratio  of  c  to  D. 

And  this  equalitv  of  ratios  is  thus  expreffed  —  ~£  --. 

K  22K' 
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225.  Ratio  of  equality  is,  when  the  antecedent  is  equal  to  the  confequent. 

226.  Four  quantities  are  faid  to  be  proportional,  which  when  compared  to* 
gether  by  two  and  two,  are  found  to  have  equal  ratios : 

Thus,  let  the  quantities  to  be  compared  be  a,  b,  c,  d  :  Or  20,  $,  24,  6. 
Now  in  the  ratio  of  a  to  b,  or  of  20  to  5  ;  a  contains  B  four  times. 
And  in  the  ratio  of  c  to  d,  or  of  24  to  6  ;  c  contains  d  four  times. 

Then  the  ratios  of  a  to  b,  and  of  €  to  d,  are  equal :  Or  —  =  — .     (224) 

B        D 

And  their  proportionality  is  thus  exprefled  a  :  b  :  :  c  :  d„  (166} 

Alfo,  in  the  ratio  of  a  toe,  or  of  20  to  24;  c  contains  a,  once  and  ^, 
And  in  the  ratio  of  b  to  d,  or  of  5  to  6  ;  d  contains  b,  once  and  |. 

A         B 

Where  the  ratios  are  likewife  equal,  viz.  —  =  — . 

c      r» 

And  thefe  are  alfo  proportional  a  :  c  :  :  B  :  d. 

227.  So  that  when  four  quantities  of  the  fame  hind  are  proportional,  the 
ratio  between  the  firfl  and  fecond,  is  equal  to  the  ratio  between  the  third  and 
fourth ;  and  this  proportionality  is  called  DirecJ. 

228.  Alfo  the  ratio  between  the  firfl  and  third,  is  equal  to  the  ratio  be- 
tween the  fecond  and  fourth;  and  this  proportionality  is  called  Alternate. 


229.  Similar,  or  like,  right  lined  figures,  are  fuch which  are  equiangular, 
(that  is,  whofe  feveral  angles  are  equal  one  to  the  other)  j  and  alfo,  the 
fides  about  the  equal  angles  proportional. 


Thus  if  the  figures  ac  and  eg  are  equiangular, 
And  ab  :  bc  :  :  ef  :  fg  ;  Or  bc  :  cd  : :  fg  :  gh, 
Then  are  thofe  figures  called  fimilar  or  like  figures. 
i-1*  And  the  like  in  Triangles,  or  other  figures. 


23d.  Like  arcs,  chords,  or  tangents,  in  different  circles,  are  thofe  whkb 
fubtend,  er  are  eppofite  to,  equal  angles  at  the  centre. 


231. 
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23r.  THEOREM    XIX. 

Quantities  and  their  like  multiple 's,  have  the  fame  ratio. 

That  Is,  the  ratio  of  a  to  b,  is  equal  to  the  ratio  of  twice  A  to  twice  bs 
of  thrice  a  to  thrice  b}  tsV.     Or  thus  -  =  ~  =  -1A  &c.  c=  c  x  A. 

B  2B         p  CXB 

Dem.  For  the  ratio  of  a  to  b,  mull  either  be  equal  to  the  ratio  of  like 

multiples  of  a  and  b,  or  to  the  ratio  of  unlike  multiples  of  them. 

Now  fuppofe  the  ratio  of  a  to  b  is  equal  to  the  ratio  of  their  unlike  multi- 

•     A         C  X  A 

pies,  ex  a,  dxbj  that  is— = 

B        D  X  B 

Then  a:b::cxa:dxb  (227).  And  a:cxa::b:dxb  (228). 

A  T> 

Therefore         -  =  (226).     Where  the  confequents  are  unequal 

cxadxbv/  ?  * 

multiples  of  their  antecedents,  by  fuppofition. 

But is  not  equal  to (224) 

c  x  a  ^  d  x  b 

Then  a:cx  a  : :  b  :  d  x  b  is  not  true. 

Alfo  a:b::cxa:dxbis  not  true. 

a  C  V  A. 

Confequently  —  is  unequal  to . 

B  D  X  B 

Therefore  the  ratio  of  unlike  multiples  of  two  quantities,  is  not  equal  to 
the  ratio  of  thofe  quantities. 

Confequently  the  ratio  of  two  quantities,  and  the  ratio  of  their  like  multi- 
ples are  the  fame.     Or  -  —  C-2LA. 

B  C  X  B 

232.  Corol.  I.  In  any  ratio,  if  both  terms  contain  the  fame  quantity 
or  quantities  j  the  value  of  the  ratio  will  not  be  altered  by  omitting,  or 

taking  away,  thofe  quantities.     For   — -  =  -.  by  taking  away  c. 

233.  IL  Quantities,  and  their  like  parts  have  equal  ratios. 
For  a  and  b  are  like  parts  of  c  x  a  and  C  x  B. 

234.  III.  Quantities,  and  their  like  multiples,  or  like  parts  arc  propor- 
tional.    For  a:b::cxa:cxb.     And  c  x  a  :  c  x  b  : :  a  :  b. 

235.  IV.  If  quantities  are  equal,  their  like  multiples,  or  like  parts  arc 

a  C  X  A 

alfo  equal.  For  if  A  =  B  ;  and  —  = 

n  B  C  X  B 

Then  are  the  antecedents  and  confequents  in  a  ratio  of  equality.        (224) 

236.  V.  If  the  parts  of  one  quantity,  are  proportional  .to'  the  parts  of 
another  quantity,  they  are  like  parts  of  their  refpe&ive  quantities. 

For  only  like  parts  are  proportional  to  their  wholes.     ( 234) 

237.  VI.  Ratios,  which  are  equal  to  the  fame  ratio,  are  equal  to  one 

another.  For  the  ratio  of   -  =s  =  — —  &fa     (23!) 

B         C   X  8       DXB 

K  2  238' 
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238.  VII.  Proportions,  which  are  the  fame  to  the  fame'  proportion, 
are  the  fame  to  one  another. 
If  a  :  c  :  :  c  :  d  j  and  a  :  b  :  :  e  :  F  5  Then  c  :  d  :  :  E  :  f. 

For—  =  ~3  and   ~=z  —  (226).    Then  '~t  '•==. —  (137) 

B  C  B  F  '  D  T      K    3/J 

239..  VIII.  If  two  ratios  or  produces  are  equal,  their  like  multiples,  ei- 
ther by  the  fame  or  by  equal  quantities,  or  by  equal  ratios,  are  alfo  equal. 


That  is,  If-  —-: 

B           D 

Then = 

'  B'X  E 

C  X  E 
D  X  £ 

And  if  E  ==  F  : 

t^,         AXE 

I  hen —    -    35 

B  X    E 

C  X  F 

D  X  F* 

And  tf  1  =  1 

F            H 

~,         AXE 

:  1  hen — ■- —  = 

B  X    F 

C  X  G 

D  X  H 

For  in  either  cafe,  the  ratios  may  be  confidered  as  quantities, 

240.  THEOREM    XX. 

Equal  quantities  (a  and  b)  have  the  fame  ratio  or  proportion  to  another 
quantity  (c).      And  any  quantity  has  the  fa?ne.  ratio  to  equal  quantities. 
That  is,  If  a  =  b  :  Then  a  :  c  :  ■":  b  :  c.     And  c  :  a  :  :  c  :  b.  '■ 

Dem.  Since  a  =  B;  then  c  is  the  like  multiple  or  part  of  b,  as  it  is  of  A,, 
And  A  :  b  :  :  c  :  c   (234).     Therefore  A  :  c  :  :  B  :  c   (228). 
Alfo  c  :  c  :  ;  a  :  b  ('234).     Therefore  c  :  A  :  :  c  :  b   (228). 

24i.'Corol.  I.  Hence,  When  the  antecedents  are  equal,  the  confe 
quents  are  equal  j  and  the  contrary. 

242.  II.  Quantities  are  equal,  which  have  the  fame  ratio  to  another 
quantity ;  or  to  like  multiples  or  parts  of  another  quantity. 

Thus,  If  a  :  c  : :  b  :  c.     Then  a  =  b. 

243.  III.  Since  a  :  c  : :  b  :  c  and  c  :  a  :  :  c  :  B.  Therefore  when  four 
quantities  are  in  proportion,  As  antecedent  is  to  confequent,  fo  is  ante- 
cedent to  confequent :  Then  mall  the  firft  confequent  be  to  its  antecedent^ 
as  the  fecond  confequent  to  its  antecedent ;  And  this  is  called  the  invertion 
of  ratios, 

244.  THEOREM    XXI. 

In  two,  or  more,  fets  of  proportional  quantities^  tjie,  retlangles  under  the  life 

terms  are  proportional. 

That  is,  If  a  :  b  :  :  c  :  d  -,  and  e  :  f  :  :  G  :  H. 
Then  a  x  e  :  b  x  f  : ;  c  x  G  :  d  x.  h. 

Dem.  Since  _— _;  And-=-.  (227). 

B        D  F     '  H  '  y 

„,         rAXECXG  ., 

Therefore  —      •  =   ..  ^230) 

B  X  F       D  X  H  ,  l- 

Qonfequently  Ap  ;  bxf  :;.  cxg  :  dxk<  (??„6j. 


GEOMETRY, 


^9 


2+5,  THEOREM    XXII. 

In  four  proportional  quantities  A  :  b  :  :  c  :  d.  Then  the  Reel  angle  or 
Producl  of  the  two  extremes,  is  equal  to  the  Re £1  angle  or  Producl  of  the  two 
means.     That  isAXD=BXC 


A        C 

Dem.  Since  a  :  b  :  :  c  :  d  by  fuppofition.  Therefore  -  =  -    (227). 


(239;.     Alfo£=C— .     (239). 

B        B  X  D  D        D  X,B 


And  ft  =AJLD 


Therefore  t2LP=:C~2Ll  (137).     Where  the  confequents  are  equal. 

b  x  d     d  x  B 
Confequently  A  x  d  =  c  x  B  (241). 

246.  Hence,  If  the  Rectangle  or  producl:  of  two  quantities,  Is  equal 
to  the  Rectangle  or  producl:  of  other  two  quantities ;  thofe  four  quantities 
are  proportional. 

Thus,  fuppofe  the  two  rectangles  x,  z,  are  equal. 
Where  a,  c,  are  their  lengths,  and  b,  d,  their  breadths. 


A 


B 


2C 

C 

D 

Z 

Then  AXBrrcxDby  fuppofition. 
Therefore  a  :  c  :  :  d  :  b. 

That  is,  As  the  length  of  x  is  to  the  length  of  z. 
So  the  breadth  of  z  is  to  the  breadth  of  x. 


In  fuch  cafes,  the  lengths  are  faid  vto  be  to  one  another  reciprocally  as 

their  breadth*. 

Or  that  the  proportion  a  :  c  :  :  d  :  b  is  reciprocal  when  axb-cxd. 

247.  THEOREM    XXIV. 

If  four  quantities  are  proportional;  then  will  either  of  the  extremes,  and 
the  ratio  of  the  producl  of  the  means  to  the  other  extreme,  be  in  a  ratio  of 
equality  :  And  either  mean,  and  the  ratio  of  the  producl  of  the  extremes  to  the 
other  mean,  will  be  alfq  in  a  ratio  of  equality. 

That  is,  If  a  :  b  :  :  c  :  a.      Then  4  =  B-2LC.      And  b  =A-2LH. 

p  c 

Dem.  Since  a  :  b  : :  c  :  d  by  fuppofition. 
•  Therefore  a  x  d  =  b  x  c  (245). 

AXD       BXC    ,  .         Air    BXC       AXD    *v-jfi 

= (240).    Alfo  —  =  — —  (240). 


And 
But 

TL        f  AXD 


D 

AXD 


B    =- (2-22).    And    A    r= 

c  d 


(232). 


And 


BXC 


SA     (*37?< 


3H& 
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248.  THEOREM.    XXV. 

In  any  plane  triangle  fAB  c),  any  two  adjoining 
fides  (ab,  AC,)  are  tut  proportionally  by  a  line  (de) 
drawn  parallel  to  the  other  fide  (bc),  viz. 
ad  :  d  b  :  :  ae  :  £C. 

Dem.  Thro'  b  and  c,  draw  b  b  c  a  at  right  an- 
,  gles  to  b  c,  meeting  b  a  drawn  thro'  a  parallel  to 

bc:  Thro'/>,  q,  the  middles  of  a  b,  a  a,  draw/>/>,  qq,  parallel  tp  b  b 
orc/7,  meeting  ab,  AC,  in  the  points  d c,  ;  and  join  dc. 
Then  fince  the  triangles  a  dp,  Bdp,  and  a  cq,  ccq  are  congruous.  (190) 
Therefore  a  d=zsd,  Af  =  Cf,  pd  —  p d,  q czz  qc. 
Butpp  —  qq  (206):  Therefore  pdz=.  q c.  (140) 

And  dc  is  parallel  to  b  c.  (206) 

In  the  fame  manner  it  may  be  {hewn,  that  lines  parallel  to  b£,  drawn 
thro'  the  middles  of  Ap,  pb\  a  q,  qa\  will  alfo  bifedr.  a  dt  3d;  A  c , 
c  c ;  and  that  lines  adjoining  thefe  points  of  bifedtion  will  alfo  be  parallel 
to  b  c  :  And  the  fame  may  be  proved  at  any  other  bifediions  of  the  feg- 
ments  of  the  lines  ab,  ac  :  Alfo  the  like  may  be  readily  inferred  at  any 
other  divifions  of  the  lines  a  b,  a  a. 

Therefore  lines  parallel  to  b  c,  cut  off  like  parts  from  the  lines  a b,  ac. 
Then  ab  :  ac  :  :  ad  :  ae.     And  ab:  ac::  bd:  ce.  (233) 

Therefore  ad  :  ae  :  :  bd  :  c  e.  (238) 

And  by  Alternation  ad  :  bd  :  :  ae  :  c  e.  (228) 

249.  Corol.  Hence,  When  the  fides  (ab,  ac)  of  a  triangle  are  cut 
proportionally  (in  d,  e)  thefegments  (ad,  ae  ;  d  b,  ec)  of  thofe  fides 
are  proportional  to  the  fides. 


2510. 
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In  equiangular  triangles  (abc,  abc),  the  fides 
about  the  equal  angles  are  proportional;  and  the  fides 
oppofite  to  equal  angles  are  alfo  proportional. 

„  Dem.  IncA,  cb,  takecD=£tf,  ce  ==<:£;  and 
drawDE. 
A      fj  ~b       Then  thetrianglescDE,<:tf^,beingcongruous.(  189) 

The^.tDE  =  (Z.fl=)  L.  A.     Therefore  de  is  parallel  to  a b.      (185) 
In    the   fame   manner,   taking  AF  =  flf,  AG  =  tf£>    alfo  b  h  =:  £  r, 
Bi  =  i/z;  and  drawing  f  g,  hi,  the  triangles  agf,  i  b  h,  abc,  are 
congruous ;  therefore  fg  is  parallel  to  c  b,  and  h  1  is  parallel  to  ca. 
Then  (cd=)  ca  :  ca  :  :  (ce=)  cb  :  cb.  1 

(af=)  ca  :  ca  :  :  (ag=)  ab  :  ab.  >  (242) 

(bh=)  bc  :  bc  :  :  (bi=)  ab  :  ab.  ) 

251.  Corol.  Hence,  Triangles  having  one  angle  in  each  equal,  and 
the  fides  about  thofe  equal  angles  proportional,  thofe  triangles  are  equi- 
angular and  fimilar. 

25  2» 
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252.        THEOREM    XXVII. 

In  a  right  angled  triangle  (abc),  if  a  line  (BD) 
le  drawn  from  the  right  angle  (b)  perpendicular  to 
the  oppofite  fide  (ac);  then  ivill  the  triangles  (abd, 
BCD)  on  each  fide  the  perpendicular  be  Jimilar  to  the 
whole  (abc),  and  to  one  another. 


7* 


iJ        c 


Dem.  For  in  the  triangles  abc,  adb,  the  Z_  a  is  common, 

And  the  right  angle  abc=  right  angle  adb. 

Therefore  the  remaining  l_  c  =  Z.  abd.  (188} 

In  the  fame  manner  it  will  appear,  that  the  triangles  abc,  bdc,  are  like. 

Therefore  the  triangles  abd,  bcd,  are  alfo  Jimilar. 


253.  Corol.  I.  Hence, 


AC 
AC 
AD 


AB 
BC 
DB 


:  ab 
:  bc 
:  db 


:  ad.  -\ 
:  dc.  (. 

:  DC.) 


(250) 


254.  II.  Hence  a  right  line  (bd)  drawn  from  the  circumference  of  a 
Circle  perpendicular  to  the  diameter  (ac)  is  a  mean  proportional  between 
thefegments  (ad,  dc)  of  the  diameter. 

And  adxdc=  db1.  (H5) 

For  a  circle  whofe  diameter  is  ac,  will  pafs  thro'  A,  B,  c.  (2I4) 


255.        THEOREM    XXVIII. 

In  a  circle  i  If  two  chords  (ab,  cd)  interfecl  each 
ether  [in  e),  either  within  the  circle ,  or  without  by 
prolonging  them ;  then  the  reclangle  under  thefegments 
terminated  by  the  circumference  and  their  interfe£lion^ 
will  be  equal. 
That  is,  ae  x  eb  =  ce  x  ED, 

Dem.  Draw  the  lines  bc,  da. 
Then  the  triangles  de a,  bec,  arefimilar. 
For  the  angle  at  e  is  equal  (183)  or  common. 
And  the  z.  d  =  4.  b,  as  ftanding  on  the  fame  arc 
a  c  ( 2 1 2 ) .  Then  the  other  angles  are  equ  al ,    (188} 
Therefore  ae  :  c  £  :  :  ed  :  e  b.  (25°) 

Confequently  aexeb  =  cexed,  (245) 


•56. 
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256.        THEOREM    XXIX. 

.  If  a  regular  polygon  (a  b  cde  f)  be  infer  ibed  irl 
a  circle  ;  and  parallel  to  thefe  fides  if  tangents  to  the 
circle  be  drawn,  meeting  one  another  (in  the  points 
a,  by  c,  d,  e,  f) ;  then  Jhall  the  figure  formed  by 
thefe  tangents',  circumfcribe  the  circle,  and  be  Jimilar 
to  the  infer  ibed  figure. 


Dem.  Since  the  circle  touches  every  fide  of  the  figure  abcdef,  by  con- 

frru&ion  ;  therefore  the  circle  is  circumfcribed  by  that  figure,.  (132) 

Thro'  a  and  b,  draw  the  radii  s  a,  s  b,  prolonged  till  they  meet  the 

tangent  a  b,  in  a,  h. 

Then  the  triangles  ase,  a  s  b,  are  equiangular. 

For  the  Z.  s  is  common;  and  the  other  angles  are  equal,  becaufe  ab  and 

ab  are  parallel,  by  fuppofition. 

Alfo  s  a  ■=.  s  b  :  For  the  triangles  a  s  b,  a  s  b,  are  Ifofceles.  (T94) 

And  the  fame  may  be  proved  of  the  other  triangles ;  and  alfo,  that  they 

are  equal  to  one  another. 

Therefore  the  figure  abcdef  has  equal  fides,  and  is  equiangutar  to  the 

figure   a  b  c  D  E  F. 

Now  sa  :  sa  :  :  ab  :  ab ;  And  sa  :  s  a  :  :  a  f  :  af.  (25°) 

Therefore  ab  :  ab  :  :  af  :  af.  And  the  like  of  the  other  fides.  (238) 

Confequently  the  figures  abcdej,  abedef  sat  fimilar. 

257.  Corol.  I.  If  two  figures  are  compofed  of  like  fets  of  fimilar  tri- 
angles, thofe  figures  are  fimilar.  .  , 

258.  II.  Hence,  If  from  the  angles  (a,  b)  of  a  regular  polygon  circum- 
fcribing  a  circle,  lines  (a  s,  b  s)  be  drawn  to  the  centre  (s)  5  the  chords 
(ab)  of  the  intercepted  arcs,  will  be  the  fides  of  a  fimilar  polygon  in- 
feribed in  the  circle;  and  the  fides  (ab,  ab)  of  the  inferibed  and  cir* 
cumfcribing  polygons  will  be  parallel. 

259.  III.  The  chords  or  tangents  of  like  arcs  in  different  circles,  are 
in  the  fame  proportion  as  the  radii  of  thofe  circles. 

For  if  a  circle  circumfcribe  the  polygon  abedef;  then  the  fides  of  the 
polygons  abedef  abcdef,  are  chords  of  like  arcs  in  their  refpeclive 
circumfcribing  circles. 

And  if  a  circle  be  inferibed  in  the  polygon  abcdef,  the  fides  ab,  a  $, 
%c.  are  tangents  of  like  arcs  alfo  :  And  thefe  have  been  fhewn  to  be  pro- 
portional to  their  radii  sa,  s<7. 

260.  IV.  The  Perimeters  of  like  polygons  (or  the  fum  of  their  fides) 
are  to  one  another  as  the  radii  of  their  inferibed  or  circumfcribed  circles. 
For  sa  :  sa  :  :  ab  :  ah.  (256) 
And  ab,  ab,  arc  like  parts  of  the  perimeters  of  their  polygons. 
Therefore  sa  :  sa  ;  :  perim,  abcdef  :  perim,  abedef.  (234) 


261. 
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26r.  THEOREM    XXX. 

If  there  he  two  regular  and  like  polygons ■,  the  one  in- 
fer'bed  in>  and  the  other  circumfcribing  the  fame  circle  : 
Then  will  the  circumference  of  that  circle ;  and  half  the  L'V/, 
fum  of  the  per imeters  of  thefe  polygons ,  approach  nearer     V 
to  equality ',  as  the  number  of  fides  in  the  polygons  in- 
treafe,  D 


Dem.  It  is  evident  at  fight,  that  the  circumfcribing  hexagon  fchikl 
is  lefs  than  the  circumfcribing  fquare  abed. 

And  alfo  that  the  inferibed  hexagon  fghikl  is  greater  than  the  in* 
fcribed  fquare  abed. 

And  in  both  cafes*  the  difference  between  the  hexagon  and  the  circle, 
is  lefs  than  the  difference  between  the  circle  and  the  Iquare. 

Therefore  the  polygon,  whether  inferibed  or  circumferibed,  differs  lefs 
from  the  circle,  as  the  number  of  its  fides  is  increafed. 

And  when  the  number  of  fides  in  both  is  very  great,  the  perimeters  of 
the  polygons  will  nearly  coincide  with  the  circumference  of  the  circle ; 
for  then  the  difference  of  the  polygonal  perimeters  becomes  fo  very  fmall, 
that  they  may  be  efteemed  as  equal. 

And  yet  fo  long  as  there  is  any  difference  between  thefe  polygons,  tho* 
ever  fo  fmall,  the  circle  is  greater  than  the  inferibed,  and  lefs  than  the  cir- 
cumferibed polygons :  Therefore  half  their  fums  may  be  taken  for  the 
circumference  of  the  circle,  when  the  number  of  thofe  fides  is  very  o-reat. 

262.  Hence,  The  circumferences  of  circles  are  in  proportion  to  one 
another,  as  the  radii  of  thofe  circles,  or  as  their  diameters. 

•      For  the  perimeters  of  the  inferibed  and  circumfcribing  polygons  are  to 
one  another  as  the  radii  of  the  circles.  (260) 

And  thefe  perimeters  '  and  circumferences  continually  approach  to 
equality. 
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263.  THEOREM    XXXI. 

In  a  circle  (afb),  if  lines  (ba,  da,  fa)  be  drawn 
from  the  extremities  of  two  equal  arcs  (bd,  df)  to  meet 
in  that  point  ( A )  of  the  circumference  determined  by  one 
of  them  (ba)  pajjing  thro'  the  centre;  then  Jhall  the 
middle  line  (ad)  be  a  mean  proportional  between  the  fum 
(ab-j-af)  of  the  extreme  lines,  and  the  radius  (bc) 
of  that  circle. 


Dem.  On  d  with  the  diftance  da,  cut  af  produced,  in  E. 

Then  drawing  de,  df,  db,  the  triangles  adb,  edf,  are  congruous.  (192} 

For  A  efd=  (z.  fda -J.  z.fad  (s86)=)z.dba  (2i i).   Becaufe  the 

arc  dfa  zz  df  -f-  fa. 

And  Z.  E  =  L.  fad  (194)  =  L.  dab,  by  conftrucTion  j  and  de  =  sa« 

Therefore  ef  =  ab  j  and  ae  =  ab  -J-  AF« 

Draw  cd  ;  then  the  triangles  acd,  ade,  are  fimilar. 

For  they  are  Ifofcelar  ana"  equiangular. 

Therefore  ac  :  ad  :  :  ad  :  (ae=)  ab  -f-  af.  (25°) 

264.  Hence,  When  the  radius  of  the  circle  is  exprefled  by  r,  and  one 
of  the  extreme  Knes,  or  chords,  pafles  thro'  the  centre ;  then  if  the  num- 
ber 2  be  added  to  the  other  extreme  chord,  the  fquare  root  of  that  fum  will 
he  equal  to  the  length  of  the  mean  chord. 

Forfince  ac  :  ad  : :  ad:  ar-j-af  (263).  Th.  ad=ac  x  ab-|-af  (245) 
Now  if  a  c  =  1,  then  ab  =  2;  And  adz  zz  2  -f-  af  ;  becaufe 
multiplying  by  1  is  ufelefs  here.     Therefore  ad  zz  */  2  -f-  af. 

As  the  arcs  bd  and  dfa  make  a  femicircle,  they  are  called  thefupple- 
jnents  of  one  another :  Therefore  if  the  arc  bd  is  any  part  (as  -3,  -|.»  t-'z  &c.) 
of  the  femicircurnference  -,  then  is  the  line  da  called  the  fupplemenial 
chord  of  that  part. 

265-  Remark.  In  the  poflhumous  works  of  the  Marquis  de  VHofpitalr 
(page  3:19,  Englifh  edition);  this  principle  is  applied  to  the  doctrine  of 
angular  fe£rions ;  that  is,  to  the  dividing  a  given  arc  into  any  propofed 
number  of  equal  parts  :  Or  to  find  the  chord  of  any  propofed  arc. 

For  if  bf  was  any  alTumed  arc,  whole  chord  had  a  known  ratio  to  the 
given  radius  bc  ;  then  as  bfa  is  a  right  angled  triangle  (213),  the  fide 

af==Vab*-bf*  (203)  will  alfo  be  known:  And  by  this  Theorem, 
the  mean  chord  ad  will  be  known;  and  alfo  db  {zz.  V^"bz  —  adI 
the  chord  of  half  the  arc  bf  will  alfo  be  known. 

And  by  bifeding  the  arc  db  in  g,  and  drawing  ac,  gb  j  the  mean 

chord  ag  is  known  (263) ;  and  gb  (=  V  abz  -  lu')  is  alfo  given. 

And  in  this  manner  by  a  continual  bifedlion,  the  chord  of  a  very  fmaH  ' 
arc  may  be  obtained  ;  the  practice  whereof  is  facilitated  by  article  (264,} 
deduced  from  page  330  of  the  faid  work. 
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266.  Example.  Required the  chord of the  t-stt 
part  of  the  circumference  of  a  circle  whofe  radius  is  i. 
Or,  Required  the  fide  of  a  regular  polygon  of  3072 

fides 3  infer i bed  in  &  circle  whofe  diameter  is  2» 

A 

Let  adf  be  a  femicirde,  whofe  diameter  af  =  2,  and  centre  is  e* 
Take  the  arc  ad  =  4°f  the  femicircumference,  or  equal  to  60  degrees  5 
and  draw  dc,  da,  df. 

Let  d  reprefent  the  point  where  the  arc  is  bife£ted  ;  dF  the  fupplemen- 
tal  chord  to  that  bifeclion:  And  let  the  marks  d',  d",  d'\  diw  &c.  exprefs 
the  bife&ed  points  agreeable  to  the  number  of  bife&ions. 

267.  Now  fince  L.  acb  =  6o°  j  therefore  L.  cad  -f-  JL  adc  =  ("180® 
-=•60=)  120°.  jj.88) 

Butz.CAD  =  A  adc  (194);  then  £cad  =  (,|°=)  6o°. 
Therefore  da  =  (dc  =  ac  =)  1. 

And  as  the  triangle  adf  is  right  angled  at  d.  {213) 

Then  df=(V  af*-ad*  (203)  zzlVT^^)  */ 3= 1,7320308075688773 
Therefore  thefupplemental  chord  of  the  arc  ad,  or  of 

I  of  the  femicircumference  is  fd     =y/,3  =157320508075688773 

\  of  the  fame  (264)         is  Yd1   =v^2+££     =159318516525781366 

A  F^a    =v/2-f-FJi     =1,9828897227476208 

^  r<a?Hi  =^/2-f-F^"  =1,9957178464772070 

ant  Fdiv  =v/H^£^  =i>998929i7495273J3 

^  F^v     =^2+^  =^9997322758191236 

•jvt  r^vi  =i/2-f-F^^_  =1,9999330678348022 

-yj*  F<*vli  =VJ+Vd*  =1,9999832668887013 

■9 I*  ^VH1  =\/2-f  F^vii  =1,9999958167178004 

tjV*  ***  =1/2-1-^:^=1,9999989541791767 

Now  F d'ix  the  fupplemental  chord  of  -j-^  being  known ;  the  chord 
A  d iK  of  rrrz  Part  °f  the  femicircumference,  or  of  -yeVz  Part  °f  l^e  whole 
circumference,  is  alfo  known. 

That  is  a iix=(VA^1-i^  =)V4-2^pF3''iii=o,oo2045 3073606764 

268.  Confequently,  the  fide  of  a  regular  polygon  of  30 7 2  fides  in- 
fcribed  in  a  circle  whofe  diameter  is  2,  is  0,00204^307  3606764 
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^       269.  The  fide  of  a  fimilar  polygon  cir  cum fcr  thing  the 
D  fame  circle ',  ivbofe  centre  is  C7  may  he  thus  found. 

Let  be  be  the  fide  of  the  ctrcumfcribed  polygon; 
and  draw  bc,  ec,  cutting  the  circle  in  d  and  a  . 

Draw  da,  and  it  will  be  the  fide  of  the  infcribed 
polygon ;  and  is  parallel  to  be.    -(258)    .  ■ 

Draw   C  I  bifecting  the  angle  bce,  and  it  will  bifect  be  and  da  at 
right  angles  (iq-Q.     And  dg  =:(4da=)  \  Ar/ix. 

Then  cg  =  Vcd*  -5g2  =  Vi-  F a  J1'*  2.    f 

But  4  a  ^ix— 0,001022653680338.  And  itsfquare  is  0,00000104582055  j 

Which  fubtracled.from  1  leaves    '  °'99999^954I7945 

Whofe  fquare  root,  or  cg,  is  equal  to  °>999999477°8959 

Now  the  triangles  cbi,  cdg,  are  fimilar. 

Then  cg  :  c  1  :  :  2  dg  :  2  b  1.     (250,  234) 

Therefore  (2  b  i  =)  be  —  ( 


2  dg  x  c  1 

CG 


(247)  =0  ^J  For  1  c  =  1. 


Or  be  =  f  0^002045307^6o67^4      \ 
1 0.0000004.77080  ^883      / 


0,0020453084301895 
G5999999477o8958b3      ' 
which  is  the  fide  of  a  regular  polygon  of  3072  fides  circumfcribing  a  cir- 
cle whofe  diameter  is  2. 


270.  Scholium.  The  fide  of  a  regular  polygon  of  3072  fides,  in- 
fcribed in  a  circle  whofe  diameter  is  2,  is  0,0020453073606764.  (268} 
Which  multiplied  by  3072,  will  give  the  perimeter  of  that  polyr 
gon,  which  is  6,2831842119979622. 

The    fide    of    a    fimilar    polygon,     circumfcribing    the     fame    circle 
is  ;  0,0020453084301895.    (269) 

Which  multiplied   by  3072,    will  give  for  the  perimeter  of  that  po- 
lygon 6,283187497  34209  2_5_,_ 
The  fum  of  thefe  perimeters  is                   12, 56637 17093400547. 
The  half  fum  is                                            6,28318585  Ci/c. 
Which  is  very  nearly  equal  to  the  circumference  of  a  circle  whofe  dh~ 
meter  is  2  (261) ,  the  difference  between  it 
<  and  the  infcribed  polygon  being  only  0,00000164  &c. 
\  and  the  circumfcrifeed  polygon  being  only  0,00000164  C3V, 

271.  Now  the  circumferences  of  circles  being  in  the  fame  proportion, 
as  their  diameters.  (262) 
Therefore  the  diameter  of  a  circle  being  r, 

The  circumference  will  be  3,141592  &c.  which  agrees  with 

the  circumference  as  found  by  other  methods. 
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SECTION    V. 
OF    PLANES    AND    SOLIDS. 

Definitions  and  Principles. 

27  %.  A  line  is  faid  to  be  in  a  plane,  when  it  pafTes  thro'  two  or  mofcr 
points  in  that  plane. 

273.  The  inclination  of  two  meeting  planes(AB), 
(cdJ,  is  nieafured  by  an  acute  angle  (GFH),madeby 
two  right  lines  (fg,  FH),one  in  each  plane,  and  both 
drawn  perpendicular  to  their  common  fection  (de), 
from  (f)  fome  point  therein. 

274.  Arightline(DE)interfe£tingtwo  fides  (ac, 
Bc),ofa  triangle  (  a  Bc),fo  as  to  make  angles  (cde, 
ced),  within  the  figure,  equal  to  the  angles  (cba, 
cab)  at  the  bafe  (ab),  but  with  contrary  fides  of  the 
triangle,  is  faid  to  be  in  a  fubcontrary  polition  to 
the  bafe. 

275.  If  a  circle  in  an  oblique  pofition  be  viewed, 
it  will  appear  of  an  oval' form  (as  abcd)  ;  that  is, 
it  will  feem  to  be  longer  one  way  (as  ac)  than 
another  (as  db)  ;  neverthelefs  the  radius's  (ea, 
eb)  are  to  be  efteemed  as  equal:  And  the  fame 
muft  be  underftood  in  viewing  of  any  regular  fi- 
gure when  placed  obliquely  to  the  eye. 

276.  If  a  line  be  fixed  to  any  point  (c)  above 
the  plane  of  a  circle' (adbe),  and  this  line  while 
ftretched  be  moved  round  the  circle,  fo  as  always 
to  touch  it ;  then  a  folid  which  would  fill  the  fpace 
palled  over  by  the  line,  between  the  circle- and  the 
point  c,  is  called  a  Ccne. 

277.  If  the  figure  adbe  had  been  a  polygon,  and  the  ftretched  line 
had 'moved  along  its  fides,  the  figure  which  would  then  have  been  de- 
fcribed,  is  called  a  Pyramid. 

So  that  Cones  and  Pyramids  are  folids  which  regularly  taper  from  a 
^circle,  or  polygon,  to  a  point. 

The  circle  or  polygon  is  called  the  Bafe ;  and  the  point  c  the  Vertex. 
.     When  the  vertex  is  perpendicularly  over  the  middle  or  centre  of  the 
bafe,  then  the  folid  is  called  a  Right  Cone,  or  a  Right  Pyramid  ; 
Otherwife,  an  Oblique  Cone,  or  Oblique  Pyramid, 

278.  If  a  Cone  or  Pyramid  be  cut  by  a  plane  palling  thro'  the  vertex  c, 
-and  centre  of  the  bafe  f,  the  feclion  A?c3  or  edc3  is  a  triajn.gle, 
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279.  A  right  line  (ab)  is  perpendicular  to  a  plane 
(cd)  when  it  makes  right  angles  (abe,  abf,  abg) 
with  all  the  right  lines  (be,  bf,  bg)  drawn  in  that 
plane  to  touch  the  faid  right  line  (ab). 

280.  So  that  from  the  fame  point  (b)  in  a  plane* 
only  one  perpendicular  can  be  drawn  to  that  plane, 
on  the  fame  fide. 

281.  A  plane  (ab)  is  perpendicular  to  a  plane  (cd), 
when  the  right  lines  (ef,  gh)  drawn  in  one  plane 
(ab)  atright  angles  to  (fb),  the  common  feclion  of  the 
two  planes,  is  alfo  at  right  angles  to  the  other  plane 
(cd). 

282.  So  that  a  line  (ef)  perpendicular  to  a  plane  (cd),  is  in  another 
plane  (ab),  and  at  right  angles  to  (fb)  the  fe&ion  of  the  two  planes. 


283.        THEOREM    XXXII. 

If  two  planes  (ab,  cb)  cut  each  ether  $  their  common 
feclion  (bd)  will  be  a  right  line* 


A    *> 


Dem.  For  if  it  be  not,  draw  a  right  line  deb  in  the  plane  ab,  from  the 
point  d  to  the  point  b  ;  alfo  draw  a  right  line  dfb  in  the  plane  bc. 

Then  two  right  lines  deb,  dfb,  have  the  fame  terms,  and  include  a 
fpace  or  figure  which  is  abfurd.  (98)- 

Therefore  deb  and  dfb  are  not  right  lines :  Neither  can  any  other 
lines  drawn  from  d  to  b,  befides  bd,  be  right  lines. 

Confequently  the  line  db  the  feclion  of  the  planes,  is  a  right  line. 


284.        THEOREM    XXXIII. 

If  two  planes  (ab,  cd),  which  are  both  perpendicu* 
lar  to  a  third  plane  (ef),  -<&  cut  one  another ;  their  in- 
ter-feclion  (hg)  is  at  right  angles  to  that  third  plane 

(EF). 


Dem.  For  the  common  fe&ion  of  ab  and  cd  is  a  right  line  (gh)  (283) : 
Alfo  hb,  hd,  are  thefe&ions  of  ab,  cd,  with  the  plane  ef. 

Now  from  the  point  h,  a  line  hg  drawn  perpendicular  to  the  plane  EK»  , 
muft  be  at  right  angles  to  hb,  hd.  (279) 

But  hg  muft  be  in  both  planes  ab,  cd.  (282) 

Therefore  it  muft  be  in  the  fe&ions  of  thofe  planes. 

Confequently  the  feclion^HG  of  the  planes  ab,  cd,  is  at  right  angles  to 
the  plane  ef. 
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285.        THEOREM    XXXIV. 

<fhefeclions  (aebd)  of  a  Cone  or  Pyramid  ( c  A  E  BD  ), 
which  are  parallel  to  the  bafe  (aebd),  are  fimilar  to 
that  bafe. 

Dem.  For  let  afbc,  dfec,  be  fe&ions  thro*  the 
vertex  c,  and  centre  f  of  the  bafe. 

Then  thefe  fections  will  cut  one  another  in  the 
right  line  fc  (283),  and  the  tranfverfe  fe&iontf^Z>* 
in  the  right  lines  a  bt  and  edy  interfering  inf. 

Then  are  the  following  fets  of  triangles,  fimilar  : 
namely  afc,  afc  ;  bfc,  bfc;  dfc,  dfc  ;  efc, 
efc. 
Wherefore  fc  :/c 


And  the  like  in  any  other  fe&ions  thro* 
c  and  f.  (24-8) 


fa  :fa- 

: :  fb  :fb 

: : fd  :fd 

:  :  fe  :fe. 

Now  in  theCone,  f  a=fb=fd=fe  ;  therefore  fa-=.fbr=fd=fe.  (241 ) 
So  that  all  the  right  lines  drawn  (romf  to  the  circumference  of  the  figure 
adbe  are  equal  to  one  another. 

Confequently  the  figure  adbe  is  a  circle.  (100) 

And  in  the  Pyramid,  fc  :fc  :  :  dc  :  dc  :  :  db  :  db  :  :  da  :  da. 
fc  :/c  :  :  e  c  :  e  c  :  :  ea  :  ea  :  :  e  b  :  eb. 
Therefore  in  each  pair  of  correfponding  triangles  in  the  bafe  and  tranfverfe 
feclion,  the  fides  are  refpe&ively  proportional. 

Confequently,  as  the  bafe  and  tranfverfe  fe&ion  are  compofed  of  like  fets 
of  fimilar  triangles;  therefore  they  are  alfo  fimilar.  (257) 

\A. 

286.        THEOREM    XXXV. 

If  a  Cone  (ablckt)  whofe  bafe  is  a  circle  (blck), 
be  cut  by  a  plane  in  a  fubcontrary  pofition  to  the  bafe9 
the  feci  ion  (dieh)  will  be  a  circle. 


Dem.  Thro'  the  vertex  a,  and  centre  of  the  bafe,  let  the  triangular  fec- 
tion  abc  be  taken  fo  as  to  be  at  right  angles  to  the  planes  of  the  bafe  bkcl, 
of  the  fubcontrary  fedion  dieh,  and  of  the  fe&ion  figh  taken  parallel 
to  the  bafe  and  cutting  the  fubcontrary  fe&ion  in  the  line  10H. 
Therefore  ioh  is  perpendicular  to  de  and  fg  (284)  cutting  one  an- 
other in  o. 

Now  thefection  figh  is  a  circle  (285).  Therefore  fo  x  OG=:"oT  (254). 
Again.     The  triangles  goe,  fod,  are  fimilar. 

For  Z_GEO  =  z.DFo=:Z_ABcby  conftr.  And  Z.coe  =  Z.  dof.  (183) 
Therefore  eo  :  og  : :  Fo  :  Do  (250).  And  eox do=fo  x og  (255)  =oiz 
So  that  01  is  a  mean  proportional,  either  between  fo  &  og,  or  ao&eo. 
But  as  the  fame  would  happen  wherever  fg  cuts  de  ;  therefore  all  the  lines 
01,  both  in  the  fedtions  figh  &  dieh,  are  line*  in  a  circle. 
Cenfequently  the  fe&ion  dieh  is  a  circle. 
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S;E  C  T  I  O  N    VI. 
OF    THE   VPIR  A  L. 

287.  Suppoje  the  radius  of  a  circle  to  revolve  with  an  uniform  motion  round 
its  centre,  and  while  it  is  revolving,  a  point  is  moving  along  the  radius } 
then  will  the  fuccejfive  places  of  that  point  he  in  a  curve  ivhich  is  called  afpiral. 

This  will  be  readily  conceived  by  imagining  a  Uy  to  run  along  the  fpoke 
of  a  wheel,  while  the  wheel  is  turning  round. 

If  while  the  radius  revolves  once,  the  point  has  moved  the  length  of  the  j 
radius;  then  the  fpiral  will  have  revolved  but  once  round  the  centre,  or 
pole ;  confequently  the  motion  in  the  circumference  is  to  the  motion  in 
•the  radius,  as  the  circumference  is  to  the  radius :  And  if  the  wheel  re- 
volves twice,  thrice,  or  in  any  proportion  to  the  motion  in  the  radius; 
then  the  fpiral  will  make  fo  many  turns,  or  parts  of  a  turn,  round  the 
centre. 


288.  Now  fuppofe  while  the  radius  revolves  equably,  if  a  point  from  the  cir- 
cumference moves'  towards  the  centre,  with  a  motion  decreafing  in  a  geometric 
progrejfon  ;  then  will  a  fpiral  he  generated  which  is  called  a  proportional 
fpiral. 

Let  the  radius  ca  be  divided  in  any  continued 
decreafing  geometric  progreflion,  as  of  10  to  8; 
then  the  feries  of  terms  will  be  10 ;  8 ;  6,4  ;  5,12; 
4,096;  3,2768;  2,62144  &c.  Alfo  let  the  cir- 
cumference be  divided  into  any  number  of  equal 
parts,  in  the  points  d,  e,f,  g,  &c.  Then  if  the  fe- 
veral  divifions  of  the  radius  ca,  be  fucceflively 
transferred  from  the    centre   c,    cutting   the  other 

radii  in  the  points  d,  e,  f,  g,  &c.  and  a  curved  line  be  evenly  drawn  thro' 

thofe  points,  it  will  be  a  fpiral  of  the  kind  propofed. 


289.  From  the  nature  of  a  decreafing  geometric  progrefllon,  itiseafyr 
to  conceive  that  the  radius  ca  may  be  continually  divided;  and  altho' 

■  each  fucccflive  divifion  becomes  fhorter  than  the  next  preceding  one,  yet 
there  muff  be  an  indefinite  number  of  divifions,  or  terms,  before  the  laft 
of  them  becomes  of  no  finite  magnitude. 

290.  Hence  it  follows,  that  this  fpiral  winds  continually  round  tht 
centre,  and  does  not  fall  into  it  till  after  an  indefinite  number  of  revo- 
lutions. 

Alfo,  that  the  number  of  revolutions  decreafe,  as  the  number  of  th< 
equal  parts  into  which  the  circumference  is  divided,  increafes. 
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Any  proportional  fpiral  cuts  the  intercepted  radii  at 
equal  angles. 

Dem.  If  the  divifions  A  d,  de,  ef-,fg-,  &c.  of  the 
circumference  were  very  fmalJ,  then  would  the  fe- 
veral  radii  be  fo  clofe  to  one  another,  that  the  in- 
tercepted parts  ad,  de,  ef,  fg,  e?Y.  of  the  fpiral 
might  be  taken  as  right  lines.  ^ci^fl 

And  the  triangles  cad,  cde,  cef,  &c.  would  be  fimilar,  having 
equal  angles  at  the  point  c,  and.  the  fides  about  thofe  angles  propor- 
tional. (25r) 

Therefore  the  angles  at  a,  d,  e,  f,  &c.  being  equal,  the  fpiral  mult 
neceflarily  cut  the  radii  at  equal  angles. 


292.  THEOREM    XXXVII. 

If  the  radii  of  any  proportional  fpiral  be  taken  as  numbers,  then  will  the 
correfponding  arcs,  of  the  circle,  reckoned  from  their  co?nmencement,  be  as  tks 
logarithms  of  thofe  numbers. 

Dem.  As  the  lines  ca,  cd,  ce,  cf,  cg,  &c.  are  a  feries  of  terms  in. 
geometric  progreflion;  and  the  arcs  a  d,  a  e,  a/,  Ag,  &c.  are  a  feries 
of  terms  in  arithmetic  progreflion  ;  therefore  thefe.arcs  may  ferve  (70)  as. 
the  indices  to  the  geometric  terms,  and  be  thus  placed  j 

Radii  of  the  fpiral     CA,  CD,  CE, 
Correfponding  arcs       o,  Ad,  Af, 

In  this  difpofition,  the  firft  term  ca,  is  not  diflant  from  itfelf,  therefore., 
its  index  is  reprefented  by  o. 

Then  if  the  diftance  of  the  fecond  term  cd  from  the  nrftterm  ca  be  ex- 
prefTed  by  the  arc  a  d;  the  diflance  of  the  third  term  ce,  from  ca,  will 
beexpreffed  by  the  arc  Ae  ;  and  fo  of  the  reft.  . 

Confequently,  if  the  terms  in  the  geometric  feries  be  reprefented  by  num- 
bers, taken  as  parts  of  the  radius,  then  the  numbers,  of  the  fame  kind, . 
exprefling  the  meafures  of  the  arcs,  or  indices,  will  be  as  the  logarithms 
of  the  geometric  terms.  (73) 


cf,  cg,  &c.  Geometric  terms.     . 
A/»  Aif»  &c*  Arith.  terms  or  indices. 


293.  Corol.  If  the  difference  between  ca  and  cb  was  indefinitely 
(mall,  or  ca  and  cb  were  nearly  in  a  ratio  of  equality  ;  then  might  the 
number  of  proportional  lines  into  which  c  a  could  be  divided,  be  fo  many, 
that  any  propofed  number  might  be  found  among  the  terms  of  this  feries; 
and  if  the  number  of  parts  in  the  circumference  was  increased  in  like 
manner,  then  would  every  term  of  the  proportional  divifion  of  the  radius 
ca,  have  its  correfponding  index  among  the  equal  divifions  of  the  cir- 
cumference 1  and  confequently  would  exhibit  the  logarithms  of  all  num- 
bers. 
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Tliere  may  he  an  almoft  infinite 
variety  of  proportional  fpirals,  and 
as  many  different  kinds  of  toga- 
rithms. 


Dem.  For  with  the  fame  equal  divifions  a  d,  de,  ef,  l$c.  of  the  cir- 
cumference, every  variation  in  the  ratio  of  ca  to  cb,  as  of  c<z  to  c  h9 
will  produce  a  different  fpiral  Aon m. 

And  with  the  fame  divifions  of  the  radius  c  A,  and  different  fets  of  equal 
parts  Ad,  de,  ef,  &c.  and  Ap,pq,qr,  &c.  of  the  circumference,  may 
be  formed  different  fpirals  alef,  ahik. 

Alfo  varying  at  the  fame  time,  both  the  divifions  of  the  radius  and  cir- 
cumference, different  fpirals  will  be  produced. 

But  the  variations  in  thefe  three  cafes  may  be  almoft  infinite :  Therefore 
the  number  of  fuch  fpirals  are  almoft  infinite. 

Now  it  is  evident  that  there  is  a  peculiar  relation  between  the  rays  of 
any  fpiral,  and  the  correfponding  arcs  of  the  circle ;  that  is,  between  the 
terms  of  a  geometric  progreffion  and  its  indices  :  Therefore  there  may  be 
as  many  kinds  of  logarithms  as  there  are  proportional  fpirals. 


295. 
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That  proportional  fpiral  which  inter fe£is  equidiflant  rays  at  an  angle  of 
45  degrees,  produces  logarithms  that  are  ^/"Nepier^  kind. 

Dem.  Suppofe  ab,  the  difference  between  ca  and  cb,  the  firft  and  fe- 
cond  terms  of  the  geometric  progreffion,  to  be  indefinitely  fmall,  and 
take  Ap,  the  logarithm  of  cb,  equal  to  ab  ;  then  may  the  figure  abh /> 
be  taken  as  a  fquare,  whofe  diagonal  ah  would  be  part  of  the  fpiral  ahik, 
and  the  angle  bah  would  be  half  a  right  one,  or  45  degrees. 

Therefore  that  fpiral  which  cuts  its  rays  ca,  ch,  &c.  at  angles  of  45 
degrees,  has  a  kind  of  logarithms  belonging  to  it,  fo  related  to  their 
correfponding  numbers,  that  the  fmalleft  variation  between  the  firft  and 
fecond  numbers,  is  equal  to  the  logarithm  of  the  fecond  number. 

But  of  this  kind  were  the  firft  logarithms  made  by  Lord  Nepier. 

Therefore  the  logarithms  to  the  fpiral  which  cuts  its  equidiftant  rays, 
at  an  angle  of  45  degrees,  are  of  the  Nepierian  kind. 
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SECTION    I. 

Definitions  and  Principles. 

296.  T)LANE    TRIGONOMETRY   is  an  art  which 
JL     fhews  how  to  find  the  meafures  of  the  fides  and  angles  of  plane 
Triangles,  fome  of  them  being  already  known. 

It  will  be  proper  for  the  learner,  before  he  reads  the  following  Articles, 
to  turn  to  the  definitions  relative  to  a  circle  and  angle,  contained  in  the 
Articles  99,  100,  101,  102,  103,  104,  105,  106,  107,  108,  109, 
no,  and  127. 

297.  A  Triangle  confifts  of  fix  parts;  namely,  three  fides  and  three 
angles. 

The  fides  of  plane  triangles  are  denoted  or  eftimated  by  meafures  of 
length ;  fuch  as  Feet,  Yards,  Fathoms,  Furlongs,  Miles,  Leagues,  &"c. 

The  angles  of  triangles  are  eftimated  by  circular  meafure,  that  is,  by 
arcs  containing  Degrees,  Minutes,  Seconds,  &c.  (106);  and  for  con- 
venience thefe  circular  meafures  are  reprefented  by  right  lines,  called 
right  fines,  tangents,  fecants,  and  verfed  fines* 
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298.  The  Right  Sine  of  an  arc,  or  angle,  is  a  right  line  drawn  from 
one  end  of  the  arc  perpendicular  to  a  radius  drawn  to  the  other  end :  Or 
it  is  half  the  chord  of  the  double  of  that  arc. 


F       Thus  ah  is  the  right  fine  of  the  arc  AG  ;  and  alfo 
of  the  arc  dba. 

299.  The  Tangent  of  an  arc,  is  a  right  line 
G  touching  one  end  of  the  arc,  and  continued  till  it 

meets  a  right  line  drawn  from  the  centre  thro'  the 

other  end  of  that  arc. 
^       Thus  gf  is  the  tangent  of  the  arc  ga, 


300.  The  Secant  of  an  arc,  is  a  right  line  drawn  from  the  centre 
thro'  one  end  of  the  arc,  and  produced  till  it  meets  the  tangent  drawn 
from  the  other  end. 

Thus  cf  is  the  fecant  of  the  arc  AG. 

301.  The  Versed  Sine  of  an  arc,  is  that  part  of  the  radius  inter-? 
cepted  between  the  arc  and  its  right  fine. 

Thus  hg  is  the  verfed  fine  of  the  arc  AG.  ... 


302.  The  Complement  of  an  arc,  is  what  that  arc  wants  of  90 
"degrees." 

Thus  if  the  arc  gb  =  900.  Then  ab  is  called  the  complement  of  AG  5 
and  ag  is  the  complement  of  ab. 


303.  The  Supplement  of  an  arc,  is  what  that  arc  wants  of  180 
degrees. 

Thus  the  arc  abd  is  the  fupplement  of  AG  j  and  ag  of  abd. 


304.  The  Co+sine,  Co-tangent,  Co-secant,  ^  Co-versed 
Sine  of  an  arc,  is  the  right  fine,  tangent,  fecant,  verfeci  fine  of  the 
complement  of  that  arc. 

Thus  a  1,  be,  ce,  bi,  being  refpe&ively  the  fine,  tangent,  fecant 
and  verfed  fine  of  the  arc  ab,  which  is  the  complement  of  ag;  therefore 
ai  is  called  the  co-fine,  be  the  co-tangent,  ce  the  co-fecant,  bi  the 
CO- verfed  fine  of  the  arc  ag. 
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AXIOMS. 

305.  The  greateft  right  fine,  is  the  fine  of  900;  and  the  fines  to  arcs 
lefs  than  90%  ferve  equally  for  arcs  as  much  greater  than  900. 

Thus  the  fines  of  8o°  and  ioo°  ;  of  6o°  and  1200;  of  400  and  140* 
isc.  are  refpectively  equal. 

306.  The  fame  tangent  and  fecant  will  ferve  to  arcs  equally  diftant  from 
00  degrees  ;  that  is,  to  any  arc  and  its  fupplement. 

Thus  if  the  arc  bag  =  900,  and  bk  =  ba  ;  then  km,  gl,  cl,  the 
fine,  tangent,  fecant  of  the  arc  gbk,  are  refpeclively  equal  to  ah,  gf, 
.   cf,  the  fine,  tangent,  fecant  of  the  arc  ga  =  dk,  the  fupplement  of 
the  arc  gbk. 

307.  When  an  arc  is  greater  than  9©0  j  the  fine,  tangent,  fecant,  of 
the  fupplement  is  to  be  ufed. 

308.  The  chord  (an)  of  an  arc  (agn),  is  equal  to  twice  (ci)  the  co- 
1  fine  of  (ab)  half  the  fupplemental  arc  (abkJ. 

309.  The  verfed  fine  and  co-fine  together  (hg  -J-  ch)  of  any  are 
(ag),  is  equal  to  the  radius,     ch  being  equal  to  ai. 

310.  The  fines,  tangents,  fecants,  or  verfed  fines,  of  fimilar  arcs  in 
different  circles,  are  in  the  fame  proportion  to  one  another  as  the  radii  of 
thofe  circles.  (259) 

311.  The  angles  of  two  triangles  may  be  refpe&ively  equal,  altho' 
their  fides  may  be  unequal.    - 

Therefore  in  a  triangle  among  the  things  given,  in  order  to  find  the 
reft,  one  of  them  muft  be  a  fide. 

In  Trigonometry,  the  three  things  given  in  a  triangle  muft  be  either 
1  ft.  Two  fides  and  an  angle  oppofite  to  one  of  theny 
2d.  Two  angles  and  a  fide  oppofite  to  one  of  them. 
3d.  Two  fides  and  the  included  angle. 
4th.  The  three  fides. 

In  either  cafe,  the  other  three  things  may  be  found  by  the  help  of  a  few 
Theorems,  and  a  Triangular  Canon,  which  is  a  Table  wherein  are  or- 
derly inferted  every  degree  and  minute  in  a  quadrant  or  arc  of  900  degrees ; 
and  againft  them,  the  meafures  of  the  lengths  of  their  correfponding  fines, 
tangents  and  fecants,  eftimated  in  parts  of  the  Radius,  which  is  ufually 
fuppofed  to  be  divided  into  a  number  of  equal  parts,  as  10,  100,  1000, 
J  0000,  1 00000,  €sV. 
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SECTION    II. 

Of  the  Triangular  Canon. 

PROPOSITION    I. 

312.  To  find  the  lengths  of  the  Chords,  Sines,  Tangents  and  Secants  t& 
arcs  of  a  circle  of  a  given  radius. 

Construction.  Thro'  each  end  of  the 
given  radius  cd,  and  at  right  angles  to  it  (14.9)  ^0 
draw  the  lines  cf,  dg  :  On  c  with  the  radius 
CD,  defcribe  the  quadrantal  arc  da,  and  draw 
the  chord  da. 

313.  For  the  Chords.  Trifect  the  arc  ^ 
ad  (152),  and  (by  trials)  trifedT:  each  part;  "| 
then  the  arc  ad  will  be  divided  into  9  equal  | 
parts  of  10  degrees  each;  if  thefe  arcs  are  di-  t3 
vided  each  into  10  equal  parts,  the  quadrant  60 
will  be  divided  into  90  degrees  :  But  in  this 
fmall  figure,  the  divifions  to  every  10  degrees 
only,  are  retained,  as  in  art.  174. 

From  d  as  a  centre,  with  the  radius  to  each  so 
divifion,  cut  the  right  line  da;  and  it  will 
contain  the    chords  of  the  feveral  arcs  into  40 
which  the  quadrantal  arc  ad  was  divided.  3o 

For  the  diftances   from    d    to   the  feve-  2c 
ral  divifions  of  the  right  line  da,  are  hereby  jl^ 
made  refpectively  equal  to    the  diftances   or 
cords  of  the  feveral  arcs  reckoned  from  D. 

314.  For  the  Sines.  Thro'  each  of  the  di- 
vifions of  the  arc  ad,  draw  right  lines  parallel 
to  the  radius  ac  ;  thefe  parallel  lines  will  be  the 
right  fines  of  their  refpeclive  arcs,  and  cd  will 
be  divided  into  a  line  of  fines,  which  are  to  be 
numbered  from  c  to  d,  for  the  right  fines ; 
and  from  d  to  c  for  the  verfed  fines.  *• 

For  v  the  diftances  from  c  to  the  feveral  divifions  of  the  right  line 
cd,  are  reflectively  equal  to  the  fines  of  the  feveral  arcs  beginning 
from  a. 

315.  For  theTangents.  A  ruler  on  c,  and  the  feveral  divifions  of  the 
arc  ad,  will  interfect  the  line  dg  ;  and  the  diftances  from  d  to  the  feveral 
divifions  of  dg  will  be  the  lengths  of  the  feveral  tangents. 

316.  For  the  Secants.  From  the  centre  c,  with  radii  to  the  divi- 
fions of  the  tangent  dg,  cut  the  line  cf  ;  and  the  diftances  from  c  to  the 
feveral  divifions  of  cf,  will  be  the  lengths  of  the  fecants  to  the  feveral 
arcs. 

For  thefe  lengths  are  made  refpeclively  equal  to  the  fecants  reckoned 
from  c  to  the  feveral  divifions  of  the  tangent  dg. 
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317*  If  the  figure  was  fo  large  that  the  quadrantal  arc  could  contain  every 
degree  and  minute  of  the  quadrant,  or  5400  equal  parts  ;  then  the  chord, 
Ifine,  tangent  and  fecant  to  each  of  them  could  be  drawn.  Nowafcale 
of  equal  parts  being  conftru&ed,  1000  of  which  parts  are  equal  to  the  ra- 
dius cd  ;  then  the  lengths  of  the  feveral  fines,  tangents  aud  fecants  may 
be  meafured  from  that  fcale,  and  entered  in  a  table  called  the  triangular 
or  the  table  of  fines,  tangents  and  fecants. 


canon, 


But  as  thefe  meafures  cannot  be  taken  with  fufficient  accuracy  to 
ferve  for  the  computations  to  which  fuch  tables  are  applicable ;  therefore 
the  feveral  lengths  have  been  calculated  for  a  radius  divided  into  a  much 
greater  number  of  equal  parts  3  as  is  fhewn  in  the  following  articles. 


318.  PROP.    II. 

In  any  circle ',  the  chord  of  60  degrees,  is  equal  to  the  radius :  and  the  fine 
1  cf  30  degrees y  is  equal  to  half  the  radius. 

i  Dem.  Let  the  arc  cb,  or  L.  c  ab  =  60  degrees ;  and 
1  draw  the  chord  cb. 

Now  fince  the  radii  ac  and  ab  are  equal ;        f  100) 
I  Therefore  Z.  c  =  Z.  b  .  (194) 

And  the  /_c  4-  jL  b  =  (1800  -  [L  a=)  6o°=)  120° 

(186} 

Therefore  L.  c,  or  Z.B=(half  120°;  or=)  6o°=Z.A. 

Confequently  cb  =  ab  =  ac. 
!  From  a,  draw  the  radius  ae  perpendicular  to  cb. 
j  Then  ae  bife&s  the  arc  cb,  and  its  chord.  (207) 

And  cd  =  fine  of  (the  arc  ce  ==  half  of  6o°  =)  300.  (298) 

Confequently  cd  is  equal  to  half  the  radius  ab. 

319.  Hence,  Twice  the  co-fine  of  bo  degrees  is  equal  to  the  radius. 

For  300  is  the  complement  of  6o°  j  and  twice  the  fine  of  30  is  equal  to 

the  radius. 


320. 


PROP.    III. 
To  find  the  fine  of  one  minute  of  a  degree* 


It  is  evident  (261),  that  the  lefs  the  arc  is,  the  lefs  is  the  difference  be- 
tween the  arc  and  its  fine,  or  half  chord  ;  fo  that  a  very  fmall  arc,  fuch 
as  that  of  one  minute,  may  be  reckoned  to  differ  from  its  fine,  by  fo  fmall 
a  quantity,  that  they  may  be  efteemed  as  equal  \  and  confequently  may 
be  exprefied  by  the  fame  number  of  fuch  equal  parts  of  which  the  radius  is 
fuppofed  to  contain  1,00000  &c.  which  is  readily  found  by  the  following 
proportion. 

As  the  circumf.  of  the  circle  in  minutes 
To  the  circumf.  in  equal  parts  of  the  radius  (270) 
So  is  the  arc  of  one  minute 
To  the"  eorrefponding  parts  of  the  radius  ' 
So  thaj  for  the  fine  of  one  minute,  may  be  taken.       0,0002908882 


21600 

6,283185 

0,0002908^2 
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321.  PROP.    IV. 

In  a  feries  of  arcs  in  arithmetic  progreffion,  the  fine  of  any  one  of  them  tahn 
as  a  mean,  and  the  fu?n  of 'the  fines  of  any  other  two,  taken  as  equidifiant  ex- 
tremes, are  ever  in  a  confiant  ratio,  of  radius  to  twice  the  co-fine  of 'the  com- 
mon difference  ofthofe  arcs. 


V& 


De  m.  For  in  a  circumference  whofe  cen- 
tre is  c,  and  diameter  ab,  let  there  be 
taken  a  feries  of  arcs,  arb,  ard,  are, 
arf,  arg,  arh,  &c.  whofe  common 
difference  is  the  arc  bd. 

Then  drawing  the  chords    ab,  ad, 

j^  ae,   af,  ag,  ah,  &c.  their  halves  will 

be  the  fines  of  half  the  arcs  arb,  ard, 

OV.  (298) 


A 


Alfo  half  the  arc  bd,  is  the  common  difference  of  half  the  arcs  arb, 
ard,  are,  &c.  (233) 

And  the  chord  ad  is  twice  the  co-fine  of  half  the  fupplemental  arc 
bd.  ,  (308) 

From  the  points  d,  e,  f,  g,  &c.  with  the  radii  da,  ea,  fa,  ga, 
C3V.  cut  ae,  af,  ag,  ah,  &c.  produced,  in  1,  k,  l,  m,  &c.  draw, 

ID,    KE,    LF,    MG,    bV.    and    BD,    DE,    EF,    FG,    GH,    &C. 

Theii  by  the  firft  part  of  the  demonftration  to  art.  263,  the  following 
triangles  are  congruous,  namely, 

abd,  ied;  ade,  kfe;  aef,  lgf;  afg,  mhg,  &C. 
Therefore  ie  =  ab  j  kf  =  ad  i  lg  =  ae;   mh  =  af,  &c. 

Alfo,  the  triangles  ida,  kea,  lfa,  mga,  &c.  being  each  of  them 
Ifofceles,  and  their  angles  refpectively  equal,  are  fimilar  toDCA.     (250) 

Therefore  ca  :  ad  :  :  (ad  :  (a  1=)  ab-j-ae  :  :)  4  ad  :  iAB-f^AE. 

:  :  (ae  :  (ak=)  ad-J-af  :  :)  4  ae  :  4  ad+4  af. 

:  :  (af  :  (al=)  ae-J-ag  :  :)  4  af  :  4  ae-{-4ag. 
&c.  &c. 

The  halves  being  in  the  fame  ratio  as  the  wholes.  (233) 


322.  Confequently,  In  a  feries  of  arcs  in  arithmetic  progreffion,  viz. 
4  arb,  4  ard,  4  are,  &c>  whole  common  difference  is  half  the  arc 
bd,  it  will  be, 
As  (ac)  Radius, 

To  (ad)  twice  the  co-fine  of  the  common  difference  5 
So  is  the  fine  of  either  arc  taken  as  a  mean, 
To  the  fum  of  the  fines  of  two  equidiftant  extremes. 


323.  Hence;  The  fine  of  either  extreme,  fublraffed  from  the  froducl  of 
the  fine  of  the  mean  by  twice  the  09-fine  of  the  common  difference,  will  £$ve  the 
fine  of  the  other  extreme.  (247) 

32*> 
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324.  When  the  common  difference  of  the  arcs  is  60  degrees ;  then 
twice  the  corfine  of  its  complement  is  equal  to  the  radius.  (3*9) 

And(322)R:(2cof.6o°=)R::s,9o<>:(s,  30°+*,  150°=)  s,  3c°-fs,  3°e-*) 

(S,  2  5°4-S,   145°=)  S,  2$°-}-S,  2S°.   [J* 


::s,  85 

:  :s,  80  :(s,  2o°-4-s,  140°=)  s,  20°4-s 

;:s,  75  :(s,  i5*4-s,  135°=)  s,  i5°-fs 

&c.  He. 


.  4°°-  f  £ 


Here  the  firft  and  fecond  terms  in  the  proportions  being  equal,  the  third 
and  fourth  terms  are  alio  equal. 

325.  Hence,  The  fine  of  an  arc  greater  than  60  degrees,  is  equal  to  the 
Jint  of  an  arc  as  much  lefs  than  60  degrees,  added  to  the  fine  of  its  difference 
from  60  degrees. 

Therefore  the  fines  of  arcs  above  60  degrees,  are  readily  obtained  from 
thofe  under  60  decrees. 


326.  PROP.    V. 

The  right  fine  of  an  arc  being  knoiun,  to  find  its  ca-fine ;  and  from  thefe, 
to  find  the  tangent,  fecant,  verfed  fine  j  and  alfo  the  co-tangent,  co-fecant* 
and  co-verfed  fine. 

Let  ag  be  any  arc,  and  let  ah  be  its  fine,  ai  its 
co-fine;  Gf  the  tangent,  be  the  co-tangent ;  cf  the  B 
fecant,  ce  the  co-fecant  j  hg  the  verfed  fine,  bi  the 
co-verfed  fine. 

Now  if  the  fine  ah  be  given,  then  the  co-fine  ai 
or  ch,  will  be  known  (203) :  For  c^  -ah'^ch1- 
Therefore  the  fquare  root  of  the  difference  beHveen  the 
fquares  of  the  radius  and  fine,  will  be  the  co-fine. 

(  Then  the  verfed  fine  hg=cg-ch;  and  co-verfed  fine  ib=cb-ci. 
3  J'  I  And  fincethe  triangles  cha,  cgf,  cbe,  are  fimilar, 
o    (  Therefore  (250)  ch  :  ha  :  :  cg  :  gf  the  tangent. 

1  That  is,  As  the  co-fine  to  the  fine,  fo  is  radius  to  the  tangent. 

5  And  ch  :  ca  :  :  cc  :  cf  the  fecant. 
*  ''  I  That  is,  As  the  co-fine  to  the  radius,  fo  is  the  radius  to  the  fecant. 

5  And  ci  :  ca  :  :  cb  :  ce  the  co-fecant. 
^  '  (  That  is,  As  the  fine  to  radius,  fo  is  radius  to  the  co-fecant.  \ 

C  Alfo  ci  :  ia  :  :  cb  :  be,  the  co-tangent. 
331.  "s  That  is,  As  the  fine  to  the  co-fine,  fo  is  radius  to  the  co-tangent. 

C  Or  gf  :  cg  :  :  cb : be  ;  that  is,  As  tangent :  rad  :  :  rad  :  co-tangent. 

332.  Hence  it  is  evident,  that  the  tangent  and  co-tangent  of  an  arc  of  450 
are  equal  to  one  another,  and  to  the  radius,  or  fine  of  90  degrees. 

And  as  the  fquare  of  radius  is  equal  to  the  rectangle  of  any  tangent  and 
its  co-tangent, 

Therefore  tan.  x  cot.  =  tan.  x  cot.  Therefore  tan.  :  tan.  :  :  cot.  :  cot.(246) 
Or  the  tangents  of  different  arcs  are  reciprocally  as  their  CQ-tangents. 

N  33?- 
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333.  The  principles  by  which  the  lengths  of  the  fines,  tangents,  fecants, 
&c.  may  be  conftructed,  being  delivered,  the  following  examples  are  an- 
nexed to  illuftrate  this  doctrine. 

Required  the  co-Jine  of  one  minute* 

The  fine  of  1  minute  being  0,0002908882  (320) 

Its  fquare  is  0,00000008461594 

Which  fubtracted  from  the  fquare  of  radius  1, 

Leaves  0,99999991538406 

Whofe  fquare  root  0,9999999577   is  the 
co-fine  of  1  minute  ;  or  the  fine  of  890.  59'. 

Now  having  the  fine  and  co-fine  of  1  minute,  the  other  fines  may  be  ' 
found  in  the  following  manner.  ( 323) 

twice  the  cof.  1  min.  x  fine  of  1  m.  =  fum  of  the  fines  of  o'  &  2'. 

twice  the  cof.  1  min.  x  fine  of  2  m.  =  fum  of  the  fines  of  1'  &  3'. 

twice  the  cof.  1  min.  x  fine  of  3  m.  =3  fum  of  the  fines  of  2'  &  4'. 

twice  the  cof.  1  min.  x  fine  of  4  m.  =3  fum  of  the  fines  of  3'  Sc  5'. 

twice  the  cof.  1  min.  x  fine  of  5  m.  =  fum  of  the  fines  of  4'  &  6'. 
Proceeding  thus  in  a.progreffive  order  from  each  fine  to  its  next,  all  the 
fines  may  be  found. 

But  as  twice  the  co-fine  of  1  minute,  viz. 
1,9999999154  is  concerned  in  each  operation, 
therefore  if  a  table  be  made  of  the  products  of 
this  number  by  the  nine  digits,  as  here  annexed, 
the  computations  of  the  fines  may  be  performed 
bv  addition  only. 

J  For  the  products  by  the  digits  in  the  given 
multiplier,  being  taken  from  the  table,  and 
wrote  in  their  proper  order,  will  prevent  the 
trouble  of  multiplication. 

And  even  this  operation  may  be  very  much 
fhortened,  by  fetting  under  the  right  hand  place 
(viz.  4)  of  the  double  co-fine  of  one  minute,  the  unit  place  of  the  fine: 
u  fed  as  a  multiplier;  and  reverfing,  or  placing  in  a  contrary  order,  all  its 
other  figures ;  then  the  right  hand  figure  of  each  line  arifing  by  the  multi- 
plication, is  to  be  fet  under  one  another;  and  in  thefe  lines,  the  firfl: 
figure  to  be  let  down,  is  what  arifes  from  the  figure  ftanding  over  the  pre- 
feht  multiplying  one;  obferving  to  add  what  would  be  carried  from  the: 
places  omitted. 

Now  if  the  products  of  the  figures  in  the  multiplier,  thus  inverted,  be* 
taken  from  the  table  of  products  ;  it  is  neceflary  to  remark  what  number 
of  places  will  arife  from  each  digit  ufed  in  the  multiplier ;    then  in  the 
products  of  thofe  digits  in  the  table,  take  only  the  like  number  of  places, 
obferving  to  add  1  to  the  right  hand  place,  if  the  next  of  the  omitted  j 
figures  exceed  5. 

Required  I 


Multi- 

pliers. 

Produces. 

1 

1,9999999154 

2 

3,9999998308 

3 

5,9999997462 

4 

7.9999996616 

5 

9,9999995770 

6 

11,9999994924 

7 

'3.9999994078 

8 

'5>9999993232 

9 

17,9999992386 

TRIGONOMETRY. 

Required  the  Jine  of  7.  minutes. 


9* 


The  line  of  1  min.  placed  in  an  inverted  or-         1,0999999154 
der  under  the  double  cof.  of  I   min.  as  in  the  2888092000,0 

margin ;  the  right  hand  figure  2  ftands  under 
the  9  in  the  6th  decimal  place,  therefore  the 
firft  §  decimal  places  of  the  product  againft  2 
in  the  table,  are  to  be  ufed ;  but  1  being  added, 
becaufe  the  7th  place  8,  exceeds  5,  makes  the 
product  4000000 :  Alfo,  for  9  the  next  figure 
in  the  multiplier,  ftanding  under  the  5th  deci- 
mal place,  take  17,99999  from  the  table  of 
products,  and  1  being  added  to  the  5th  place, 
becaufe  the  6th  exceeds  5,  makes  it  18,00000: 
In  like  manner,  the  product  by  8,  adding  1,  is  1600&  &c.  and  the 
fum  of  thefe  products  0,00058 1 7764  is  the  the  fine  of  2  min.  as  required. 

This  kind  of  operation  will  be  very  eafily  conceived,  without  farther 
illuftration,  by  comparing  the  procefs  in  this  and  the  following  operations, 
with  what  has  been  already  faid. 

Required  the  fines  of  3',  4',  5',  Is  6  minutes. 


400000a 

1 800000 

16000 

1600 

160 

4 

»  IIB^M     ■       ■■    ■  ■« 

COOO5817764 


For  3  min. 

1,9999999154 
46771 8  5000,0 


9999999 

1 600000 

200CO 

1.4000 

1400 

120 

8 


0,001163552 


For  4  min. 

1,9999999154 
5466278000,0 


16000000 

1400000 

40000 

1 2000 

1200 

80 

10 


0,0017453290 


0,00029088820,00058 17764 


0,000872664510,001 1635526 


For  5  min, 
1,9999999154 
6255361  ioo,c 


1999999c 

2000000 

12000CO 

6000 

IOOCO 

1000 

40 

12 


0,002327105  I 
0,0008726645 


0,0014544406 


For  6  min. 
1,9999999154 
,-044454100,0 


19999999 
8000000 

IOOOOOO 

80000 

8000 

800 

IOE 


0,0029088809 
0,001 1635  qs6 


0,0017453283 


In  each  example,  the  fine  of  2  min.  lefs,  (323)  is  fubtracted. 
The  fines  being  made,  the  tangents,    fecants,  cifc.  are  to  be  con- 
structed as  before  fhewn.  (327j  32^) 

334.  There  are  many  methods  by  which  the  triangular  canon  may  be 
made ;  but  that  which  is  here  delivered  was  chofen  as  the  moft  eafy,  the 
bed  adapted  to  this  work,  and  what  would  give  the  learner  a  fufficient 
notion  how  thefe  numbers  are  to  be  found  :  For  at  this  time,  there  is  no 
occafion  to  conftrudt  new  tables  of  fines,  and  rarely  to  examine  thofe 
already  extant;  they  having  palTed  thro'  the  hands  of  a  great  many  care- 
ful examiners,  and  -for  a  long  time  have  been  received  by  the  learned  as  a 
Work  fufficiently  correct. 

N  2  Thefe 
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Thefe  lines  were  firft  introduced  into  mathematical  computations  by 
Hipparchus  and  Menclaus,  whofe  methods  of  performance  were  contracted 
by  Ptolomy,  and  afterwards  perfected  by  Regiomontanus ;  and  fince  his 
time  Rhetictes,  C/'aznus,  Petifcus,  and  many  other  eminent  men,  have 
treated  largely  on  this  fubject,  and  greatly  exemplified  the  ufe  of  this  tri- 
angular Canon,  or  Tables ;  which  are  now,  by  way  of  diftinclion, 
called  Tables  of  natural  fines,  tangents,  &c.  But  the  greateft  improve- 
ment ever  made  in  this  kind  of  mathematical  learning,  was  by  the  Lord 
Napier^  Baron  of  Merchifton  in  Scotland ;  who  being  very  fond  of  fuch 
ftudies,  wherein  calculations  by  the  lines,  tangents,  &c.  did  frequently 
occur,  judged  it  would  be  of  vaft  advantage  could  thefe  long  multiplica- 
tions and  divifions  be  avoided ;  and  this  he  effected  by  his  happy  invention 
of  computing  by  certain  numbers  confidered  as  the  indices  of  others  (73), 
which  he  called  logarithms ;  this  was  about  the  year  1614. 

The  tables  now  chiefly  ufed  in  Trigonometrical  computations,  are  the  lo- 
garithms of  thofe  numbers  which  exprefs  the  lengths  of  the  fines,  tangents, 
&V,  and  therefore  to  diftinguifh  them  from  the  natural  ones,  they  are 
called  Logarithmic  fines,  tangents,  &c.  (or  by  fome  artificial  fines,  &c) 
Only  thofe  of  the  logarithmic  fines  and  tangents  are  annexed  to  this  trea^ 
tife,  becaufe  the  bufinefs  of  Navigation  may  be  performed  by  them  ;  nei- 
ther are  thefe  tables  carried  to  more  than  five  places  befide  the  index,  that 
being  fufficiently  exact  for  all  nautical  purpofes :  But  it  muft  be  allowed 
that,  for  general  ufe,  ,fuch  tables  arc  the  moft  efteemed,  as  cpnfift  of/ 
insft  place§. 

335.  Thefe  tables  are  fo  difpofed,  that  each  opening  of  the  book  con- 
tains fix  degrees  5  three  of  which  are  numbered  at  top,  and  three  at  the 
bottom  of  the  page  j  thofe  at  top  proceed  from  left  to  right,  or  for- 
wards, from  O  degrees  to  45  ;  and  thofe  at  bottom,  from  right  to  left, 
or  backwards,  from  45  to  90  degrees ;  To  each  degree  there  are  four- 
columns,  titled  fines,  tangents,  co-fines,  co-tangents;  and  the  minutes 
are  in  the  marginal  column  of  each  page,  figned  with  m  ;  thofe  on  the 
left  fide  belong  to  the  degrees  at  top,  and  thofq  on  the  right  hand  fide  of 
the  page,  to  the  degrees  at  bottom, 


336.  Now  a  fine,  tangent,  co-fine,  co-tangent,  to  a  given  number 
©f  degrees,  is  found  as  follows. 

For  an  arc  lefs  than  45  degrees. 

Seek  the  degree  at  top,  and  the  minutes  in  the  column  figned  M  at 
top ;  againft  which,  in  the  column  figned  at  top  .with  the  propofM 
name,  (lands  the  fine,  or  tangent  csV,  required. 

But  when  the  arc  is  greater  than  45  degrees, 

Seek  the  degree  at  bottom,  the  min,  in  the  column  with  M  at  bottoni| 
%ni  the  propofed  name  at  bottom. 
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Example  I.  Required  the  logarithmic  fine  of '28°.  37'. 
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Find  28  deg.  at  the  top  of  the  page  ;  and  in  the  fide  column  marked 
with  M  at  top,  find  37  ;  againft  which,  in  the  column  figned  at  top  with 
the  word  fine,  ftands  9,68029,  the  log.  fine  of  280.  37'.  as  required. 


Example  II.  Required  the  logarithmic  tangent  of  '670.  45', 

Find  67  deg.  at  the  bottom  of  the  page ;  and  in  the  fide  column  titled 
M  at  the  bottom,  find  45  ;  then  againft  this,  in  the  column  marked  tan- 
gent at  bottom,  ftands  10,38816,  which  is  the  log.  tangent  required. 

337.  But  when  a  logarithm  fine  or  tangent  is  propofed,  to  find  the 
deg.  and  minutes  belonging  to  it,  then, 

Seek  in  the  table,  among  the  proper  columns,  for  the  neareft  logarithm 
to  the  given  one  5  and  the  corresponding  degrees  and  minutes  will  be. 
found  ;  obferving  to  reckon  them  from  the  top  or  bottom,  according  as 
the  column  is  titled,  wherein  the  neareft  logarithm  to  the  given  one  is 
found. 

338.  It  may  fometimes  happen  that  a  log.  fine  or  log.  tang,  may  be 
wanted  to  degrees,  minutes,  and  parts  of  minutes  j  which  may  be  thus 
found. 

Take  the  difference  between  the  logs,  of  the  degrees  and  minutes  next 
lefs,  and  thofe  next  greater,  than  the  given  number. 

Then  for  £,  take  a  quarter  of  this  difference ;  for  4>  take  a  third  ; 
for  -i,  take  a  half ;  for  |.  take  two  thirds ;  for  |,  take  three  quarters  &V. 

Add  the  parts  taken  of  this  difference  to  the  right  hand  figures  of  the 
log.  belonging  to  the  deg.  and  min.  next  lefs,  and  the  fum  will  be  the  log. 
to  the  deg.  min.  and  parts  propofed. 


Example  I. 
tang,  to  6o°.  56'i 

Requ 

Wed  the  log. 

Examplb  II. 
fine  to  320.  1  S*'|. 

Required  the  hg» 

Log.  tan.  6o°.  57' 
Log.  tan.  60     56 

is 
is 

10,25535 
10,25506 

Log.  fine  3  20.  16' 
Log.  fine  32     15 

is  9.72743 
is               9,72723 

The  diff.  is 

29 

The  diff.  is 

20 

Its  half  is 

Add  it  to  tan.  6o°. 

56'. 

H 
10,25506 

10,25520 

Its  three  fourthY 
Add  it  to  fine  320. 

Gives  fine      32 

is  1 5 
15'.            9,72723 

Gives  tan,        60 

I5l  .         9>72738 

In  moft  cafes  the  work  may  be  done  by  infpe&ion. 

339.  And  if  a  given  log.  fine  or  log.  tangent  falls  between  thofe  in  the 
tables ;  then  the  degrees  and  minutes  anfwering  may  be  reckoned  i,  or  4* 
or  4  &c*  minutes  more  than  thofe  belonging  to  the  neareft  lefs  log.  in  the 
tables,  according  as  its  difference  from  the  given  one  is  £,  or  4-»  or  \  &V. 
of  the  difference  between  the  logarithms  next  greater  and  next  lefs  than 
the  given  log;. 
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SECTION    III. 

Of  the  Solution  of  Plane  Triangles. 

340.  PROBLEM    I. 

In  any  plane  triangle  (abc)  if  among  the  things  given  there  be  a  fide 
and  its  oppofite  angle,  to  find  the  reft. 

Then  fay,  As  a  given  fide  (ab} 

To  the  fine  of  its  oppofite  angle  ;  (  C  ) 

So  is  another  given \  fide ',  (AC) 

To  the  fine  of  its  oppofite  angle  (  B  ) 

Therefore,  to  find  an  angle,  begin  with  a  fide  oppofite  to  a  known 

angle. 

Alfo,     As  the  fine  of  a  given  angle  (  B  ) 

To  its  oppofite  fide  j  (  A  c  ) 

So  is  the  fine  of  another  given  angle  (  c  ) 

To  its  oppofite  fide.  (  A  b) 

Therefore,  to  find  a  fide,  begin  with  an  angle  oppofite  to  a  known 

fide. 

Dem.  Take  bd  =  cf  =  radius  of  the  tables. 
DrawDE,  ah,  fg,  each  perpendicular  to  bc.  (150) 
Then  de  and  fg  are  the  fines  of  the  angles  b 
and  c.  (298) 

Now  the  triangles  bde,  bah,  are  fimilar,  and  fo 
are  the  triangles  cfg,  cah. 
Therefore    bd  :  de  :  :  ba  :  ah.  (250) 

And(cF=)BD  :  fg  :  :  ca  :  ah.  (25°) 

But  (bdx  ah=)  dex  ba  =  fgxca.  (245) 

Therefore  de  :  ca  :  :  fg  :  ba.     Or,  s,Z_b  :  ac  :  :  s,Z_c  :  ba.     (246) 

Schol.  Or,  by  circumfcribing  the  triangle  with  a  circle,  it  will  rea- 
dily appear,  that  the  half  of  each  fide  is  the  fine  of  its  oppofite  angle. 
And  halves  have  the  fame  proportion  as  the  wholes. 


34^ 


PROBLEM    II. 


In  a  right  angled  plane  triangle  (abc)  if  the  two  fides  containing  the 
right  angle  (b)  are  known,  to  find  the  reft. 

Then,  As  one  of  the  known  fdesy  (a  b) 

To  the  radius  of  the  tables  (or  tangent  0/4.$°).  (ad) 

So  is  the  other  known  fide,  (b  c) 

To  the  tangent  of  its  oppofite  angle.  (d  e) 


Dem.  Take  ad  =  radius  of  the  tables. 
Then  de  perpendicular  to  ad,  is  the  tangent  of 
the  angle  A.  (299) 

And  the  triangles  ade,  abc,  are  fimilar. 
Therefore  ab  :  ad  :  :  bc  :  de.  (250) 


342. 
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342.  PROBLEM    III. 

In  any  two  quantities,  their  half  difference  added  to  their  half  fum,  gives 
the  greater. 

The  half  diff.  fultracled from  the  half  fum,  gives  the  lefs. 

And  tlye  half  Jam  taken  from  the  gr  eater >  the  remainder  will  he  the  half 
difference  of  thofe  quantities. 

Dem.  Let  ABbethe  greater,  and  bc  the  lefs,  of  two  quantities. 

Take  ad  =  bc  ;  then  bd  is  their  difference. 

Bife&DB  in  e  ;  then  de  =  eb,  is  the  half  diff. 

And    ad  +  de  =  bc  -J-  be  (138)  j  therefore  ae  is  the  half  fum. 

Now  a  e  -f-  E  B  =  AB>  is  the  greater  i>    E 

And    ae  —  ed  =(ad  =)bc,  is  the  lefs  X  B     C 

Alfo    ae  —  ae=bEj  is  the  half  diff. 

343.  PROBLEM    IV. 

In  any  plane  triangle  (abc)  ;  if  the  three  things  known,  be  two  fides 

(ac,  cb)  and  their  contained  angle  (c),  to  find  the  reft. 
Find  the  fum  and  difference  of  the  given  fides. 
Take  half  the  given  angle  from  90  degree 's,  and  there  remains  half  the  fum 

of  the  unknown  angles.     Then  fay 

As  the  fum  of  the  given  fides •,  AC  -j-  CjB 

To  the  difference  of  thofe  fides  ;  AC  -—  cb 

So  is  the  tangent  of  half  the  fum  of  the  unknown  angles •,  t.  4  b  -{-  A 

To  the  tangent  of  half  the  difference  of  thofe  angles,  t.  \  b  —  A 

Add  the  half  difference  of  the  angles  to  the  half  fum,  and  it  will  give  tht 

greater  angle  =  b. 

Subtracl  the  half  difference  of  the  angles  from  the  half  fumy  and  it  will 

give  the  leffer  angle  =  A. 

Dem.  One,  with  the  radius  cb,  defcribe  a  circle, 

cutting  ac  produced,  in  e  and  d,  draw  eb,  and  /'*              \13 

bd  ;  alfo  draw  df  parallel  to  eb.  /             >^T'; 

Then  ae  =  ac  -f-  cb,  is  the  fum  of  the  fides,  j       J?\    '•  /-■ 

And    ad  =r  ac  —  cb,  is  the  difference  of  the  fides.  iA-^7^    \  \  / 

N0WZ.CDB  =  Z.CBD.  (  xq/\  )     ,^f\ vS/j", 

And  (CDB-}-CBD  =  )2  CDB=r/lCBA-f  Z-A.       (188)  A    F     " B 

Therefore  4Z_cba-J-Z.a  =  z.cdb,  is  half  the  fum  of  the  unknown 

angles. 

And  be  is  the  tangent  of  cdb,  to  the  radius  db.  (299) 

Alfo  (CBA  —  CBD=)  DBA  =4  Z.  CBA —  \  Z.  A.  (342) 

Therefore  i.z.CBA  —  z.  a  =  Z.  dba,  is  half  the  difference  of  the  un- 
known angles. 

And  df  is  the  tangent  of  dba,  to  the  radius  db.  (299) 

Now  the  triangles  aeb,  adf,  are  fimilar,  df  being  parallel  to  eb. 
Therefore  ae  :  ad  :  :  be  :  df.  (250' 

Or  ac  4-  c  b  :  a  c  —  cb  ;  ;  t.  -  u  cba  -j-  L.  a  :  t.  i  z.cba~  z.*. 

344. 
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344.  PROBLEM    V. 

In  a  plane  triangle  (abc),  if  the  three  fides  are  known,  and  the  angles 
required. 

From  the  great  eft  angle  (b)  fuppofe  a  line  (bd)  drawn  perpendicular  to  its 
cppofite  fide,  or  bafe,  dividing  it  into  two  fegments  (ad,  dc),  and  the  given 
triangle  into  two  right  angled  triangles  (adb,  cdb)  :  Then  fay 

As  the  bafe,  or  fum  of  the  fegments,  AC 

Is  to  the  fum  of  the  other  two  fides ;  AB-j-BC 

So  is  the  difference  of  thofe  fides,  AB  —  B  c 

To  the  difference  of  the  fegments  of  the  bafe.  ad  —  DC 

Add  half  the  difference  of  the  fegments  to  half  the  bafe,  gives  the  greater 
fegment  (ad).  (342) 

Subtract  half  the  difference  of  the  fegments  from  half  the  bafe,  gives  the 
lefifer fegment  (dc).  (342) 

Then,  in  each  of  the  triangles  (adb,  cdb),  there  will  be  known  two  fides, 
and  a  right  angle  oppofitt  to  one  of  them ;  therefore  the  angles  will  be  found  by 
Problem  I.  (340) 

When  two  of  the  given  fides  are  equal ;  then  a  line  drawn  from  the  in- 
cluded angle,  perpendicular  to  the  other  fide,  bifefts  the  fide.  (J93) 

And  the  angles  being  found  in  one  of  the  right  angled  triangles,  will  alf§ 
give  the  angles  of  the  other. 


„,^<<"    """*-..      Dem.  Of  the  foregoing  proportion. 
/  Ef>.   In  the  triangle  abc,  the  line  bd  perpendicular  te 

•         B^-"*^  \  AC>  divides  AC  into  the  fegment  ad,  dc. 
I  ^S^\.       I  On  b  with  the  radius   bc,  defcribe  a  circle  GCE, 
''•  Jp\/*  I    \/   cutting  ab,  continued,  in  g,  e  ;  and  AC  in  F  $ 
^      j/'-...^ >•  C   draw  bf. 

Then  dc    =  df.  (193) 

Now    ac  (^=  ad  -J-  dc)  is  the  fum  of  the  fegments. 
And      af  (=  ad  —  fd)  is  the  difference  of  the  fegments. 
Alfo,    ae  (=  AB  4-  bc)  is  the  fum  of  the  other  fides. 
And     ag  (=  ab  —  bc)  is  the  difference  of  thofe  fides. 

But         AC     XAF  =  AEXrAG.  (255) 

Therefore  ac  :  ae  :  :  ag  :  af.  (2^\ 

Or    ac  :  ab-J-b  c  ; ;  ab— b  c  ;  ad  •—  dc  :  or  =:  ao  —  df. 
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345.  PROBLEM    VI. 

In  any  planetriangle  (Arc),  the  three  fides  being  known,  to  find  ei- 
ther of  the  angles. 

Put   E  and F  for  the  fides  including  the  angle  fought. 

G  for  the  fide  oppofite  to  that  angle. 

T>for  the  difference  between  the  fides  E  and  F. 

Find  half  the  fum  of  g  and  D. 

And  half  the  difference  of  G  and  I>* 
Then  write  thefefour  logarithms  under  one  another ',  namely 

The  Arithmetical  complement  of  the  logarithm  of  e.  (88) 

The  Arithmetical  complement  of  the  logarithm  of  F  ; 

The  logarithm  of  the  afar ef aid  half  fum  of  g  and  D  ; 

The  logarithm  of  the  aforefaid  half  difference  of  G  and  D. 
Add  them  together •,  take  half  their  fum ; 

And the, degrees  and  minutes  anfwering,  being  doubled,  will  give  the  fine  of 
the  angle  fought. 

Dem.  In  the  triangle  abc,  let  a  be  B 
the  angle  fought. 

Take  ah  =  ab,  draw  bh  ;  and 
thro'  k,  the  middle  of  bh,  draw  ap, 
which  bife&s  the  Angle  a,  and  is 
perpendicular  to  bh  (x93) 

Thro'  k  draw  kl,  kq^,  parallel  to         V';'-^      " "'"    """■■•■    ^y 

BC,  AC ;  which  will  bifedt  hc,  bc,       ^*      r  ■•        ■"         ^ 

in  Land  1 ;   then  kl— :ic,  ki=lc.  (ri9*  24$) 

And  the  difference  between  Ac  and  ab  is  hc=d  ;  then  Ki=f  d. 

From  1  with  the  radius  ik  defcribe  a  circle  cutting  ap,  bh,  kq^,  bc, 

in  p,  0,  Qj  m,  n,    and  joincQj   now  iq==ik=lc=lh  ;   therefore 

kqc=hc,  and  cq==KH,  as  the  triangles  cqi,  khl,  are  congruous.  (189). 

Therefore  cc^  parallel  to  kh  (119)  being  produced,  will  meet  ap  at 

right  angles  (144),  in  the  point  p  by  the  reverfe  of  (213). 

Then  pq=Ko,  as  the  triangles  kqp,  qoc,  are  congruous.  (185,190) 

NOW    BM=    (BI-j-lM  ={BC+4HC=:)    i  G+D'   And    BN=^G-D» 

Alfo  bo=cp  :  For  bk=  (kh=)  co^,  and  ko=:poc. 
Let  A  r=radius  of  the  tables :  then  m  (parallel  to  BH)=fine  of  —  L.  a. 

(298) 
Then  the  triangles  a  »  r,  akb,  apc,  are  fimilar. 
And  a  r  :  rn  : :  ab  :  bk  j  alfo  a  r  :  r  n  :  :  a  c  :  (cp=)  BO. 
Therefore  aTx  :7"«*  :  :  ac  x  AB  :  (bk  x  bo=)  bm  x  bnt.     (244,  255) 
Or  (fq.  rad.=)  r*  :  fq.  fine  £  Z.  A  :  :  ac  x  ab  :  \  g  +  d  x  f  g  ■—  d, 

Therefore  fquare  of  the  fine  f  l.  a  =*  .G  +  p  x  *  G  ~  Dx  R*.       (247) 

ACXAB 

■""*,/"*       I       t\  w  __  0^_T^ 

Therefore  fine  I-  z.  a  =  */  *— £ — — -.,"■-,  ,•  becaufe  R=;i  the  rad.  of 

EXF 

the  tables. 

Or 
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Or  Log.  s,  4  ■£,  a  -.kog.  {  c+H-Log.  |  ~-Log.  E-Log.r. . 


Or  L.    ,U  Ar-1'  E  +  L  F  +  L'  *  s+°+L  io  -,  9 f  86 


(85 


Where  L.  ftands  for  logarithm,  and  1.  for  Arith.  comp.  of  the  logarithm. 

346.  Every  poflible  cafe  in  plane  Trigonometry  may  be  readily  folved 
by  the  preceding  Problems,  obferving  the  following  Precepts. 

I.  Make  a  rough  draught  of  the  triangle,  and  put 
the  letters,  A,  b,  c,  at  the  angles. 

II.  Let  fuch  parts  of  this  triangle  be  marked,  as 
reprefent  the  things  which  are  given  in  the  queftion. 
Thus,  mark  a  given  fide  with  a  fcratch  acrofs  it  j 
And  a  given  angle  by  a  little  crooked  line ;  as  in  the 
figure  i  where  the  fide  ab,  and  the  angles  a  and  c* 

are  marked  as  given. 

III.  If  two  angles  are  known,  the  third  is  always  known. 

For  if  one  angle  is  90  degrees,  the  other  given  angle  (which  (187) 
will  be  acute)  taken  from  90  degrees,  leaves  the  third  angle. 

And  if  both  the  given  angles  are  oblique  j  their  fum  taken  from  180, 
degrees,  gives  the  other  angle. 

IV.  Compare  the  given  things  together,  and  thereby  determine  to, 
which  Problem  the  queftion  propofed  belongs. 

V.  Then  according  as  the  Problem  directs,  perform  the  preparatory 
work  ;  and  write  down,  under  one  another,  in  four  lines,  (or  more  if 
neceflary),  the  literal  ftating  j  expreffing  each  angle  by  a  letter,  or  by 
three  ;  each  line  by  two  letters  j  and  the  fums,  or  differences,  of  lines, 
by  proper  marks. 

VI.  Againft  fuch  terms  that  are  known,  write  their  numeral  value  as 
given  in  the  queftion,  or  as  found  in  the  preparatory  work ;  and  againft  thefe 
numbers  write  their  logarithms  ;  thofe  for  the  lines  being  found  (by  81) 
in  the  table  of  the  logarithms  of  numbers  ;  and  thofe  for,  the  angles,  found 
(by  336)  in  the  table  of  logarithm  fines  and  tangents  :  Obferving  that  an 
Arithmetical  complement  (fee  88)  is  always  ufed  in  the  firft  term  :  And 
that  when  an  angle  is  greater  than  90  degrees,  its  fupplement  is  ufed. 

VII.  Add  thefe  logarithms  together,  and  feek  the  fum  (81)  in  the  log. 
numbers,  when  a  line  is  wanted  j  or  (337)  in  the  log.  fines  or  tangents, 
when  an  angle  is  wanted.  Then  the  number  or  degree,  anfwering  to  a 
k>g.  the  neareft  to  the  faid  fum,  will  be  the  thing  required. 

A    SY- 


347- 


TRIGONOMETRY. 
A    SYNOPSIS 

Of  the  Rules  in  Plane  "Trigonometry. 


99 


ProbI     Given 


I. 

fee 
art 
340 


All  the 
angles  and 
one  fide 


Two  fides 
and  an  Z_ 
oppof.  to 
one  fide 


Required 


either 
of  the 
other  fides 


SOLUTION. 


Mnce  two  angles  are  known,  the  third  is  known. 
And,  As  fin.  of  Z.  opp.  to  fide  given,  is  to  that  opp.  fide  ; 
So  fin,  of  another  angle,  to  its  opp.  fide. 


II. 

art. 
14-1 


Two  fides 
and  the 
included 
right  z_ 


Ill 

art. 
343 


Two  fides 
and  the 
included 
oblique 
angle 


IV 

art. 

344 


V. 

art. 
345 


The 
three 
fides 


The  angle 
opp.  to 
the  other 
giv.  fide 


The 

three 
fides 


either 
of  the 
other 
angles. 


The :"-:- 

other 

angles 


As  one  given  fide,  is  to  the  fine  of  its  opp.  angle  ; 
So  is  t'other  given  fide,  to  the  fine  of  its  opp.^angle. 
1  hen  two  angles  being  known  the  third  is  known 
And  the  other  fide  is  found  as  before.- 


As  one  of  the  given  fides,  is  to  the  Radius ; 
So  is  the  other  given  fide,'  to  the  tan.  of  its  opp.  Z.. 
Then  two  Z_s  being  known,  the  third  is  known 
The  other  fide  is  found  by  opp.  fides  and  Z.s. 


Find  the  fum  and  diff.  of  the  given  fides. 

Take  f  giv.  z_  from  900.  leaves  \  fum  of  other  z.s. 

Then,  As  fum  fides,  is  to  diff.  fides ; 

So  tan.  i  fum  oth.  z.s,  to  tan.  7  diff.  thofe  Z.s. 


The 


diff. 


fum  ts\±\-  diff.  z.s,  gives  ^ 
Find  the  other  fide  by  opp.  fides  and  anMes. 


A  greater^. 


All 
the 

angles 


Either 
Angle 


Draw  a  line  perp.  to  the  greater!  fide,-  from  the  opp.  z_, 
dividing  that  fide  into  two  parts.         •   .■■.:. 
Then,  As  the  longeft  fide  :  is  to  fum  other  2  fides ; 

So  is  the  diff.  thofe  fides  :  to  the  diff.  parts  of  longeft 

Then  i  long,  fide  |  +  \  «diff.  pts.  givesthe  j  gg  ( part. 

Now  the  faid  perp*  cuts  the  triangle  into  2  right  z_d.  ones. 
In  both,  are  known  the  Hyp.  a  leg.  and  the  right  Z_. 
The  angles  are  found  by  Problem  I. 


Having  chofe  which  angle  to  find ;  call  the  iides  including 

that  angle  e  and  f. 

The  fide  opp.  that  Z_,  call  g. 

Put  d  for  the  difference  between  e  and  f. 

Find  the  half  fum,  2nd  half  diff.  of  g  and  D. 

Tnen  write  thefe  four  logs,  under  one  another 

Vih  \  The  Ar*  Co" log'  of  E>  The  Ar- Co-  LoS-  of  F> 

"  I  The  Log.  oft  fum,  And  the  log.  of  -\  diff. 
Add  the  four  logs,  together,  take  half  their  fum. 
Seek  it  among  the  log.  fines;  and  the  correfponding  de; 
and  min.  doubled,  is  the  angle  fought. 


O2 


343 


ioo  TRIGONOMETRY. 

348.  Example  I.  In  the  plane  Triangle  arc. 
Given  ABz:  195  Poles 

Z.B  ==     9O0.    CO' 

Z.a=;47     55 
Required  the  other  parts. 

For  the  linear  Solution-.  ' 
,A     id.  Draw  ab  equal  to  195  poles,  taken  from  a  fcalel 
n    of  equal  parts. 

2d.  From  B,  drawBC  making  with  ab  an  angle  of  900.  (175}  1 

3d.  From  a,  draw  ac,  making  with  ab  an  angle  of  47*.  55' j  and 
meeting  bc  in  the  point  c. 

Then  is  the  triangle  abc  fuch  whofe  parts  correfpond  with  the  things' 
given  ;  and  the  fides  ca,  cb,  being  applied  to  the  fcale  that  ab  was  I 
taken  from,  their  meafures  will  be  found,  viz.  AC=29i  j  and  bc=2i6,  \ 


For  the  numeral  Solution,  or  Computation. 


Since  two  angles  are  known  5   Therefore 


From     900.  oo'—L.  b 

Take     47 55_=AA 

Remains  42     05  =Z_  c 


Now  in  this  triangle,  there  are  known  all  the  angles  and  one  fide ;  there- 
fore among  the  known  things,  there  is  a  fide  and  its  oppofite  angle  j 
which  belongs  to  the  firft  problem. 
Then  to  find  the  fide  ac,  begin  with  the  angle  c  oppofite  ab. 


,  As  the  fine  of  the  Z  c 
To  the  oppofite  fide  ab 
So   the  fine  of  the  Z  b 
To  the  oppofite  fide  ac. 


Or  thus,  As  s,Zcrr42°.  05'      0,17379  a.c. 
To      ae— icKpo.       2,29003 
So  s,zb  — 900.  00'    10,00000 


To     ac— 291  po.       2,46382 


And  to  find  the  fide  bc,  begin  with  the  angle  c  oppofite  ab. 


As  the  fine  of  the  Z  c, 
To  the  oppofite  fide  a_b  ; 
So  the  fine  of  the  Z  a," 
To  the  oppofite  fide  bc. 


Or  thus,  A5  s,zc— 420.  o5/=o,i7379    A.e. 
To      ABr=  195  po.  —2, 29003 
Sos,za— 470.  55^—9,87050 

To     Bcr:2i6  po,  —2, 33432 


So  that  ac  is  291  pole?,  and  bc  is  216  pqfcs. 
The  letters  a.c.  Handing  on  the  right  of  the  firft  line,  fignify  the  arith- 
metical complement  of  the  log.  fine  of  42I  05'.  (See  88] 
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349.  Example  II.  In  the  plane  Triangle  abc. 

Given  Ab  ==  1 17  mPes. 

Z.B=  I340   46' 
Z.A  ==     22      37 

Required  the  other  parts. 

For  the  linear  Solution  or  Construction. 
Make  AB  z=  1 17  equal  parts ;  at  a  make  an  angle  r=  22°  37' ;  and  at  B 
make  an  angle  of  134°  46  ;  then  the  lines  making  with  ab  thofe  angles 
will  meet  in  c,  and  form  the  triangle  propofed. 
And  the  meafure  of  bc  will  be  117,  and  of  AC  216. 

By  Computation.     See  art.  340. 
Since  two  angles  are  known, 


Namely     Z.  b—  134°  46' 

Z.  a  —  22    37 

Their  fum        =157    23 

Now  from    1 8o°  oo' 
Take  157    23 

Leaves  Z.c—  22    37 

And  from          igo^o©' 
Take  ,      1 34  46 

The  fupt.Z.BZz  45    14 

Since  the  angle  c  — '  Z.  a. 
Therefore  bc  -p. 

(»94) 

To  find  the 
As  s,Z.c— 

TO        AB  — 
So    S,Z-B  — 

To      AC  — 

fide  ac. 
22°  37' 
117  M. 
134°  46 

:2i6  M. 

0,41503  A.C. 
2,06819 
9,85125  fup 

2>33447 

350.  Example  III.  In  the  plane  Triangle  abc. 


Given  a  bz=4o8  yards, 

Z.  B=z22°  37' 

z_a=58007 
Required  the  other  parts. 

Construction. 


G 


A 


Make  ab=4o8  yards,  or  equal  parts;  make  the  angle  a~58°  07';  and 
the  L.  bzz22°  37';  then  the  lines  forming  thefe  angles  will  meet  in  c; 
and  the  meafure  of  ac  is  159  miles,  and  of  bc  is  351. 

Computation.     See  art.  340. 


Two  angles  being  known,  viz.  Z.azt58°  07' 

Z.  biz:  22    37 


Their  fum       zz8o    44 


To  find  the  fide  ac. 
As  s,Z.c=99°  i67 
To-   ABZ14.08 

SO  S,Z_BZ=22°  37' 

To    ACZZ159 


From  1800  oo' 
Take    80    44 


Leaves  99     i6zzZ.c. 


0,00570  A.C. 

2,6lo66 

9'58497 

!  ' 

2,20133 


To  find  the  fide  bc. 
As  s,Z.cz=99°  16 
To      abz=4o8 
So  s,Z.a=58°o7' 

To     bc=35i 


0,00570  A.C j 

2,61066 

9,92897 

M4533 


In  thefe  operations  the  fupplement  of  the  angle  c  is  ufed. 
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351.  Example  IV.  In  the  plane  Triangle  abc. 
Given  ab=iqc  1  ^    , 

AC=29l}Furl°nSS- 

Z-B=:900  OO'. 
Required  the  rejl. 

Construction. 
Make  ab=I95  equal  parts;  draw  bc,  making  an  angle 
at  B=r90°  oo' :  From  a  with  291  equal  parts  cut  bc  in 
c,  and  draw  AC. 
Then  the  Z.  A  meafured  on  the  fcale  of  chords  will  be  about  48  deg.  and 
Z.  c  about  42*  :  Alfo  bc  on  the  equal  parts,  meafures  about  216. 

Computation. 
Here  being  two  fides  and  an  angle  oppofite  to  one  of  them,  the  folution 
falls  under  problem  the  firft:.     See  art.  340. 


To  find  the  angle  c 
As       ac  — 291  F. 
Tos5Z.b=9C°  oo' 
So      AEni95  F. 

7,53611 

10,00000 
2,29003 

A.C. 

To  find  the  lide  ec. 
As  ssZ.b=z90°  oo'                 10,00000 
To      AC=r2gt  F.                   2,46389 
So  s,Z.a=:470  55'                  9,87050 

Tos^c=42°  05' 

9,82614 

To     Bc=r2i6F.                   2,33439 

From          9c0  oo' 
Take         42   05=: 

Z.c 

Z.A. 

[AMPLE  V. 

G 

Here  the  fine  of  900  oo'  or  radius  be- 
ing  the  firft  term,  its   Arith.  Comp. 

Leaves       47   55=: 

In  the  plane  Triangle  abc 

«*»AC=2l6jl  Yards> 
AB=II7  ) 

Z.C— 22°  37'. 
equired  the  re/l. 

352.                 E> 

A  c 

Construction. 
Make  ac =2 16  yards;  thez.c=22°  37';  and  drawcB:  Then  from  a 
with  117  yards,  cut  cb  in  b  or  in  b  ;  and  either  of  the  triangles  ac  b  or 
acb  will  anfwer  the  conditions  propofed  :  But  the  triangle  to  be  ufed,  is 
generally  determined  by  fome  circumftances  in  the  queftion  it  belongs  to. 
Thus  if  the  angle  oppofite  to  ac  is  to  be  obtufe,  the  triangle  is  abc. 

Computation. 
The  folution  belongs  to  problem  the  firft.     See  art.  340. 
To  find  the  angle  b. 


As 
To 

So 


To    s,  Z.  b 


117  Y- 

S,ZC=22°    37' 

ac  — 216  Y. 

134046' 


7,93181 

9. 5  §497 
2>33445 


9,85123 


Z-c-f-Z-B— 157    23 


From    1 80° 
Take     157 

Leaves    22 


00' 

23  —  Z.C-J-Z.B 


37=ZA. 


And  as  the  Za  — Z.C 
Therefore  bc  — ab. 


(194) 


If  the  angle  required  be  obtufe,  fubtracl:  the  deg.  and  min.  correfpond- 
ing  to  the  fourth  log.  from  180  ;  the  remainder  is  the  z.  b.  For  the  fourth 
log.  gives  the  L.  b,  which  is  the  fupplcmcnt  to  the  angle  b.       (*94>  186) 
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353- 


Example  VI.  In  the  plane  Triangle  abc. 


J 


"->..  B 


Given  ac=4o8  ?  Fathoms> 
ab=i59  5 

Z-C=22°  37'. 
Required  the  rejl. 


Construction. 
Make  AC=4o8  fathoms;  the  l_  c=22p  37';  and  draw  c£;    from  A 
with  159  fathoms  cut  c  b  in  h  or  in  b,  and  draw  A  b  or  ab  : 
Then  if  the  angle  oppofite  to  AC  is  to  be  acute,  the  triangle  AC  b  is  that 
which  is  required ;  but  if  the  angle  is  to  be  obtufe,  acb  is  the  triangle 
fought. 

'  Computation.    See  art.  340. 
Here  being  a  fide  and  its  oppofite  angle  known,  the  folution  falls  under 
problem  the  firft ;  the  Z.  b  is  to  be  obtufe. 
To  find  the  angle  b,  obtufe. 
As        ab—  1  $9  F. 
To   s,z.c— z"°  37' 
So        ac— 408  F. 

To   s,2Lb— 99°  19' 

Z.c-|^z.B=:i2i  56  taken 
From  180  00 


7,79860 

9.58497 
2,61066 

9»99423 


To  find  bc, 
As  s,Z.c=22°  37' 
To     ab— 159F. 
So  s,z.a=58°  04' 

To     20=350,9 


0,41503 

2,20140 
9,92874 

2,545x7 


Leaves  Z.  a  r:  58  04 
354. 


Example  VII.  In  the  plane  Triangle' 'abc, 
G™=^FUrlo„g, 

Z.B=:900   OO'. 
Required  the  rejl* 

Construction. 


Make  the  angle  aec=90°;  take  BAr=i95  equal  parts,  and  BC=2i6; 
and  draw  ac;  then  abc  is  the  triangle  propofed;  wherein  the  parts  re- 
quired may  be  meafured  by  the  proper  fcales. 

Computation.     See  art.  341. 
As  two  fides  and  the  contained  right  angle  are  known,  the  folution  be- 
longs to  problem  the  fecond. 


To  find  the  angle  a. 

As  ABZZI95  F. 

To  Radius— 450  oo' 
So         bc— 216  F. 

To  t,ZA-47°55' 
90  00 


7,70996 

10,00000 

2.33445 
10,04441 


To  find  ac. 
Ass,Z-a— 470  55' 
To     bc— 216F. 
So  s,Z.b— 900  oo' 

To     ac;=29I  F. 


0,12950 

2.33445 
10,00000 

2546395 


Z»c=42   05 
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355*  Example  VIII.  In  the  plane  triangle  abc. 

C  G/w»AB=ii7  *  Y    , 

EC=:ii7  ) 
Z.  6=134°  46'. 
Required  the  reft. 

Ji.  B 

Construction. 

Make  the  £,  abc=i34*  46';  take  ba  and  bc -each  equal  to  117  equal 
parts,  from  the  fame  fcale,  and  draw  AC  ;  then  is  the  triangle  abc  equal 
to  that  propofed ;  and  the  parts  required  meafured  on  their  proper  fcales 
will  give  their  values. 

Computation.     See  art.  343. 


Now  as  ae  and  ac  are  equal ;  there- 
fore the  angles  a  and  c  are  alfo  equal 
From        1 8o°  oo' 
Take        134.  46=1  Z.B 


Leaves       45    i4=Z.A-f-Z.c. 
Thehalf    22    37— Z.A— Z.C. 


To  find  ac. 
As  s,Z_a— 220  37; 
To  bc=i  17  Y. 
So  s,Z_b—  1 340  46' 

To      ac— 216  Y. 


0,41503 

2,06818 

.9,85125 

2,33446 


356. 


Example  IX.  In  the  plane  Triangle  a  EC. 

Given  AB=4o8-)  ■&    .  • 

„     T„    t  rathoms. 
ac— 159/ 

Z-A=58°  07' 
Required  the  rejl. 


Construction. 
Make  an  angle  cab=58°  07';  take  ac=i59,  ab=4o8,  from  the  fame: 
fcale  of  equal  parts  j  and  draw  cb  ;  then  will  the  triangle  acb  be  equal  to 
that  which  was  propofed. 

Computation. 
Here  being  two  fides  and  their  contained  angle  known,  the  folution  be- 
longs to  art.  343. 


AB  — 408 

ac=i59 

AB-j-Acrr567=r  fum  of  fides 

ab— ACZZ249—  difF.  of  fides. 

To  find  the  angles. 
AS            AE-f-   ac  =  567 
To  AB AC  — 249 


The  half  of  5  8°  07' 

Is      29   03I  which 

Taken  from  90    00 

Leaves         60    56!=!  ^c-f-iZ-B. 


To  find  ac 
7,24642  J  As  s,Z.c=:990  16''   0,00570 
2,39620  I  To     ab— 408         2,61066 


So    t,i2jo+Z.B= 66°  56I  (See  338)  10^5520     Sos,z.a  =  58°  07'   9,92897 

9,89782     _ 

To     3C—^\ 


To   t,fz.c-z.B=38°  19I 

Then  (342}  99    i6=z.c    (195) 

And  22    37— Z.B 


2,54533 
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357.     Example  X.  In  the  plane  Triangle  abc. 
Given  ab=I95 

BC=2l6 
AC=2gi 

Required  the  angles. 

Construction. 
Make  CA=29i  equal  parts;  from  c  with  216,  defcribe  an  arc  B;  front 
A  with  195  cut  the  arc  b  in  b  ;  draw  bc,  ba,  and  the  triangle  is  con- 
ftru£ted  j  then  the  angles  may  be  meafured  by  the  help  of  a  fcale  of  chords. 

Computation. 
The  three  fides  being  given,  the  folution  falls  under  either  Problem  V, 
or  Problem  VI.  But  that  the  ufe  of  thefe  Problems  may  be  fufHciently  il- 
luftrated,  the  folutions  according  to  both  of  them  are  here  annexed. 

Solution  by  Problem  V.      (344) 
From  the  angle  b,  draw  bd  perpendicular  to  ca,  which  will  be  divided 
into  the  fegments  CD,  da,  whofefum  ac  is  known. 
Now  b err  21 6 
And  ab  — 195 


b  c-|- a B=r 4 1 1  =r  fum  of  fides 
B  c — ab—   21  —  difF.  of  the  fides 


Now  the  half  of  291        is  145.5 

And  the  half  of     29,66  is  14.83 

m  1  ■  ■■     mm 

Therefore  (342)  the  fum 

the  difF. 
Then  in  the  triangle  cdb. 
As  bc  —216 

To  s,Z.CDBrr9o°  oo' 
So  cd  =160,3 

» 
To  s,Z.CBDrz47    55  9,87048 


To  find  the  difF.  of  the  fegments. 


As  ac  =291 
To  BC-f-ABrr4i  1 
So  bc — ABrz  21 

To  CD— 'ADZZ    29,66 


7,53611 
2,61384 
1,32222 

■  m       ■  ■        ■ 

1,47217 


i6o,33rrcD;  or  cd:t:i6o,3 


i3o,67rzAD;  or  ad:=:  130,7 

And  in  the  triangle  adb. 

7,66555       As  AB  — 195 

10,00000    To  s,Z.ADBrz90°  oo; 

2,20493      So  AD  =130,7 


Wh. taken 6*00190  00 
Leaves  Z.C    =42   05 


To  s,Z_abd=--:42   05 
Wh.takenfrom90  00 


7,70996 

10,00000 

2,11623 

■  1  » 

9,82624 


LeavesZ.A    rr47  55.  &^.z—<)o'ec'. 


To  find  the  angle  c 
Put  Err  291=  ac 
F=:2i6-zrBC 

G-z:i95rrAj. 

D—    7C  — E-F 


Solution  by  Problem  VI.     (345) 

Then    To  Ar.  Co.  log.  e      rr29i  7,53611 

Add.Ar.Co.log.  f      =216  7.66555 

, And  the  log.     fr-4--rri35  2,13033 

Alfothelog.     f  g — d  —  60  1,77815 


2)  270(1 35=1  c-fo 

2)  I20  (    6o=f  G— --D 


The  half  of  this  fum 


2)  19,1 1014 


Is  the  log.  fine  of       210  o2'f    (339)     9,55507 
Which  doubled, gives  420  o^'-^zjLc. 


The  angle  c  being  found,  the  other  angle's  may  be  found  by  Prob.  I. 
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358.  Example  XI.  In  the  plane  Triangle  ABC, 
Given  a  0=40  8 
b  0=351 

ABr=I59 
Required  the  angles* 
A    I;  '  V. 

Construction. 

The  coriilru&ion  and  menfuration  is  performed  as  in  the  laft  Ex. 

Computation  by  Prob.  V.     art.  344. 
From  the  Z.  b  draw  the  perpendicular  bd  j  and  find  the  fegments  AE»,  DC  ; 

which  may  he  done  without  logarithms. 


Thus  ec~^i 
a b rri  5 9 

Bt-f"AB  =  5»c 

ec — .\«— 192 


1  'hoi  (46)  As  408  :  510  :  :   192  :  240=dc— da. 

:or         192x510—97920;  which  divided  by  408  gives  240. 

Now  half  of  408:13204  ;  and  half  of  240  is  120. 

Then   204-f'120—  324— DC  »  an^  204^-1 20= 84=da. 


In  the  triangle  adb. 

As       aB        =i5'9  7,7936o 

Tos,Z.d       =90°  oo'  10.00000 

SO          AD          =84  1,92428 

Tos,^Labd  =131°  53'  9,72288 


And  Z.A       —58  07 


fn  the  triangle  bdc. 

As        bc       —391  7.45469 

To  s,Z.d       — 900  oo7  10,00000 

So        dc       =324  2,51054 

To  s,Z.cbd  —  670  23'  9,96523 


And   /Lc      —22    37 


Then  Z.abd-j-Acbd=:Z.abc— 990  16'. 

Computation  by  Prob.  VI.    art.  345. 


Then  To  Ar.  Co.  Log.      e       =408  7,38934 

Add.Ar.Co.log.  f       "r:35i  7,454(9 

And  the  log.        f-o-r   — 108  2,03342 

Alfothelog.          |g — u—  51  1,70757 


The  half  of  this  fum  2)  18,58502 

Is  the  log.  fine  of  1 1°  1 8;f  9,29251 


To  find  the  angle  c. 

JJUt  E  — 408  — AC 
F  — 351ZZBC 

Grri59=AB 

D=    57  =  E— F 
2)  2l6   (108  —  fo^-D 

Which  doubled,  is  2a0  37'— Z_c. 
2)  102  (  jin-G- 

Now  the  angle  c  being  known,  the  other  angles  may  be  found  by  Prob.  I. 
Butf  or  a  farther  illustration  of  Prob.  VI.  the  work  for  another  angle  is 
here  repeated. 
To  find  the  angle  ft. 
Put  Er^35i— bc 

F—  159  — AB 

r,— 40S  — ac 
U— 192  —  E — F 


S)  Ceo  (300— lc-j-o 
2)  a: 6  fio8sv6—& 


ThenT0Ar.C0.log.      e       =351      7,45469  ■« 
Add  Ar.  Co..  log.   f        — 159       7,79860 
Andthelog.         fc-f-D— 300      2,47712 
Alfothelog.         |g  —  d— 108      2.03*42 
The  half  of  this  fum  2)  1 9,70383 


Is  the  log.  fine  of  490  38'  9,88191 

Which  doubled,  is  990  16'— /Lb. 
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359.  Example  XII.  In  the  plant  Triangle  abc. 

Given  ABrriiy 
b  0=117 

AC=2l6 

Required  the  angles. 


toy 


Construction-. 

The  confrru&ion  of  this  triangle,  and  the  meafurlng  of  the  angles, 
performed  as  in  the  X.  and  XI.  Examples. 


11 


Computation. 

In  the  triangle  abc,  as  ab=bc  ;  therefore  the  angles  A  and  c  are  equal 
(194);  and  the  perpendicular  bd  bife&s  the  fide  AC;  fo  that  the  right 
angled  triangles  ad b,  cdb,  are  congruous ;  confequently,  the  angles  be- 
ing found  in  one  triangle,  will  give  thofe  of  the  other. 

Now  in  the  triangle  adb,  the  fide  AB=iiy  ;  the  fide  ad,  =  1  Ac,  i$ 
108;  and  the  Z.  d  isgo0  oo':  Here  being  a  fide  and  its  oppofite  angle 
the  folution  belongs  to  Prob.  I. 


To  find  the  angle  abd. 
As       ab     —117 
To  s,Z.d     — 900  oo' 
So        ad     —108 

To  s,Z.abd=:670  23' 

Wh .  taken  from  90  00 

Leaves 


7,93181 

1 0,00000 

2,03342 


9,96523 


22     37=Z-A=2Z.C. 


And       670  23'  doubled 

Gives  134   46=:Z.aBc.; 

A  like  procefs  is  to  be  ufed  in  everj 
triangle,  wherein  are  two  equal  fides. 


In  the  foregoing  examples  are  contained  all  the  variety  that  can  happen 
in  the  folutions  of  plane  triangles,  confidered  only  with  regard  to  their 
fides  and  angles :  But  befides  the  methods  fhewn  of  refolving  fuch  trian- 
gles by  conftrucYion  and  computation ;  there  is  another  way  to  find  thefe 
I  folutions,  called  Inffrumental ;  and  this  is  of  two  kinds,  viz.  either  by 
i  a  ruler  called  a  Sector,  or  by  one  called  the  Gunter's  fcale:  The  method 
by  the  feclor,  the  curious  reader  may  fee  in  many  books,  particularly  in  a 
treatife  on  Mathematical  Instruments  published  in  the  year  1747  :  But  the 
other  being  in  great  ufe  at  fea,  it  will  be  proper  in  this  place  t«  treat  of  it. 
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SECTION    IV. 

360.  Defcrlption  and  ConjlruEiion  of  the  Gunter's  Scale. 

Mr.  Edmund  Gunter,  Profeflbr  of  Aftronomy  at  Grejham  College,  die? 
fome  time  about  the  year  1624,  apply  to  a  flat  Ruler  the  Logarithms  of 
numbers ;  this  he  effected,  by  taking  from  a  fcale  of  equal  parts  the  lengths 
exprefled  by  the  figures  in  thofe  logarithms,  and  transferring  them  to  a 
Jine  or  fcale  drawn  on  fuch  a  ruler ;  and  this  is  the  line,  which  from  his 
name,  is  called  the  Gilmer's  Line  :  He  alfo,  in  like  manner,  conftru&ed 
lines  containing  the  logarithms  of  the  fines  and  tangents;  and  llnce  his 
time  there  have  been  contrived  other  logarithmic  fcales  adapted  to  various 
purpofes. 

The  Gunter's  fcale  is  a  ruler  commonly  two  feet  long ;  having  on  one 
of  its  flat  fides  feveral  lines  or  logarithmic  fcales;  and  the  other  iide  vari- 
ous other  fcales ;  which,  to  diitinguifh  them  from  the  former,  may  be 
called  natural  fcales.  A 

While  the  reader  is  perufing  what  follows,  it  is  proper  he  fliould  have 
a  Gunter's  fcale  before  him. 

361.  Of  the  natural  Scales. 

The  half  of  one  fide  is  filled  with  different  fcales  of  equal  parts,  for 
the  convenience  of  conilructing  a  larger,  or  fmaller  figure  :  The  other  half 
contains  fcales  of  Rhumbs,  marked  Ru  ;  Chords,  marked  Ch  ;  Sines, 
marked  Sin ;  Tangents,  marked  Tan  ;  Secants,  marked  Sec  ;  Semitan- 
gents,  denoted  by  S.T.  and  Longitude,  diftinguifhed  by  M.L.  Thede- 
fcriptions  and  ufes  of  thefe  fcales  will  be  confidered  hereafter,  in  the  places 
where  they  will  be  wanted. 

362.  Of  the  Logarithmic  Scales. 

On  the  other  fide  of  the  fcale  are  the  following  lines  j 

I.  A  line  marked  s.r.  (fine  rumbs),  which  contain  the  logarithm  fines 
of  the  .degrees  to  each  point  and  quarter  point  of  the  compafs. 

II.  A  line  figned  t.r.  (tang,  rumbs),  whofe  divifions  correfpond  to 
the  logarithm  tangents  of  the  faid  points  and  quarters. 

III.  A  line  marked  Num.  (numbers),  wherein  the  logarithms  of 
numbers  ate  laid  down. 

IV.  A  line  marked  fin.  containing  the  log.  fines. 

V.  Aline  of  log.  verfed  fines,  marked  v.s. 

VI.  A  line  of  log.  tangents,  marked  Tan. 

VII.  A  meridional  line  figned  Mer. 

VIII.  A  line  of  equal  parts,  marked  e.p. 
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I.  Of  the  Line  of  Numbers. 
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The  whole  length  of  this  line  or  fcale,  is  divided  into  two  equal  fpaces, 
or  intervals ;  the  beginning,  or  left  hand  end  of  the  firft,  is  marked  1  ; . 
the  end  of  the  firft  interval,  and  beginning  of  the  fecond,  is  alfo  marked  1 ; 
and  the  end  of  the  fecond  interval,  or  end  of  the  fcale,  is  marked  with 
10 :  Both  thefe  diftances  are  alike  divided,  beginning  at  the  left  hand 
ends,  by  laying  down  in  each,  the  lengths  of  the  logarithms  of  the  num- 
bers 20,  30,  40,  50,  60,  70,  80,  90  ;  taken  from  a  fcale  of  equal 
parts,  fuch  that  10  of  its  primary  divifions  make  the  length  of  one  inter- 
val ;  And  the  intermediate  divifions  are  found,  by  taking  the  logarithms  of 
like  intermediate  numbers. 

From  this  conftruclion  it  is  evident,  that  when  the  firft  1  ftands  for  i, 
the  fecond  1  ftands  for  10,  and  the  end  10  denotes  100  j 
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And  the  primary  and  intermediate  divifions  in  each  interval,  muft  be 
eftimated  according  to  the  values  fet  on  their  extremities,  viz.  at  the  be- 
ginning, middle,  and  end  of  the  fcale. 

Now  the  examples  moft  proper  to  be  worked  by  this  fcale,  are  fuch 
wherein  the  numbers  concerned  do  not  exceed  iooo;  and  then  the  firft  1 
ftands  for  10,  the  middle  1  for  100,  and  the  10  at  the  end  for  1000 ; 
The  primary  divifions  in  the  firft  interval,  viz.  2,  3,  4,  5,  6,  7,  8,  9, 
ftand  for  20,  30,  40,  50,  6o,  70,  80,  90,  and  the  intermediate  divifi- 
ons ftand  for  units.  In  the  fecond  interval,  the  primary  divifions  figned 
2,  3,  4,  5,  6,  7,  8,  9,  ftand  for  200,  300,  400,  500,  600,  700, 
800,  900;  each  of  thefe  divifions  are  alfo  divided  into  ten  parts,  which 
reprefentthe  intermediate  tens.  Between  100  and  200,  the  divifions  for 
tens  are  each  fubdivided  into  five  parts ;  fo  that  thefe  lefler  divifions  ftand 
for  two  units.  The  tens  between  200  and  500,  are  divided  into  two  parts, 
each  ftanding  for  five  units :  The  units  between  the  tens  from  500  to 
1000  are  to  be  eftimated  by  the  eyej  which  by  a  little  practice  is  readily- 
done. 

From  this  defcription  it  will  be  eafy  to  find  the  divifion  reprefenting  a 
given  number  not  exceeding  1000  :  Thus  the  number  62,  is  the  fecond 
fmall  divifion  from  the  6,  between  the  6  and  7  in  the  firft  interval:  The 
number  435  is  thus  reckoned ;  from  the  4  in  the  fecond  interval,  count 
towards  the  5  on  the  right,  three  of  the  larger  divifions,  and  one  of  the 
fmaller ;  and  that  will  be  the  divifion  exprefling  435.  And  the  like  of 
other  numbers. 
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364.  II.  For  the  Line  of  Sines. 

This  fcale  terminates  at  90  degrees,  juft  againfr.  the  10  at  the  end  of 
the  line  of  numbers;  and  from  this  termination  the  degrees  are  laid  back-  ;. 
■wards,  or  from  thence  towards  the  left :  Now  feeking  in  a  table  of  loga* 
rithm  fines,  for  the  numbers  expreffing  their  arithmetic  complements, 
without  the  index,  take  thofe  numbers  from  the  fcale  of  equal  parts  the 
logs,  of  the  numbers  were  taken  from,  and  apply  them  to  the  fcale  of  1 
fines  from  90%  and  they  will  giye  the  feveral  divifions  of  this  fcale. 

Thus  the  arith.  comp.  of  the  log.  fines  (or  the  co-fecants)  abating  the 
index,  of  ic°,  20°,  300,  400,  &e.  are  the  numbers  76033, 46595,  30103, 
1 9 193,  &c.  then  the  equal  parts  to  thefe  numbers,  laid  from  900,  will 
give  the  divilions  for  10%  200,  30,  40%  Z°fc.  and  the  like  for  the  inter-  I 
mediate  degrees. 

Proceeding  in  this  manner,  the  arith.  comp.  of  the  fine  of  50  45'  will  I 
be  about  equal  to  10  of  the  primary  divifions  of  the  fcale  of  equal  parts,  j 
or  to  one  interval  in  the  log.  fcale ;  fo  that  a  decreafe  of  the  index  by 
unity,  anfwers  to  one  interval ;  then  a  decreafe  of  the  index  by  2  anfwers 
to  2  intervals,  or  the  whole  length  of  the  log.  fcale ;  and  this  happens 
about  the  fine  of  35  min.  and  the  divifions  anfwering  to  the  fine  of  a  little 
above  3  min.  viz,  3'  26"  will  be  equal  to  3  intervals ;  and  the  fine  of  1 
about  26"  will  be  4  intervals  £sV.  fo  that  the   fine  of  900  being  fixed, 
the  beginning  of  the  fcale  is  vaftly  diftant  from  it. 

'Tis  ufual  to  infert  the  divifions  to  every  5  minutes,  as  far  as  10  de-  j 
grees ;  from  100  to  300,  the  fmall  divifions  are  of  15  minutes  each  ;  from  1 
300  to  500,  contains  every  half  degree ;  from  500  to  70%  are  only  whole 
degrees  j  the  reft  are  eafily  reckoned. 

365.  III.  For  the  Line  of  Tangents. 

As  the  tangent  of  45  degrees  is  equal  to  the  radius,  or  fine  of  90*;  , 
therefore  450  on  this  fcale,  is  terminated  directly  oppoiite  to  900  on  the 
fines ;  and  the  feveral  divifions  of  this  fcale  of  log.  tangents  are  con- 
ftru&ed  in  the  fame  manner  as  thofe  of  the  fines,  by  applying  their  arith. . 
comp,  backwards  from  45*,  or  towards  the  left  hand. 

The  degrees  above  45,  are  to  be  counted  backwards  on  the  fcale : 
Thus  the  divifion  at  40,  reprefents  both  400  and  500 ;  the  divifion  30, 
ferves  for  300  and  6o° ;  and  the  like  of  the  other  divifions,,  and  their  in- 
termediates. 

366".  ___  IV.  For  the  Line  of  Verftd  Sines. 

This  line  begins  at  the  termination  of  the  numbers,  fines  and  tangents: 
But  as  the  numbers  on  thofe  lines  defcend  from  the  right  to  the  left,  fo 
thefe  afcend  in  the  fame  direction :  Now  having  a  table  of  logarithmic 
vcrfed  fines  to  180  degrees,  let  each  log.  verfed  fine  be  fubtracted  from 
that  of  180  degrees  j  then  the  remainders  being  fucceflively  taken  ffoffl 
the  (aid  fcale  of  equal  parts,  and  laid  on  the  ruler  backwards  from  the 
.common  termination,  the  feveral  divifions  of  this  fcale-  will  be  obtained. 
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The  numbers  for  each  10  cleg,  are  in  the  following  table. 


Deg.  Numb.  D. 


Numb. 


O.  Numb.  Deg.  Numb.  Deg 


400,0,40  7°°>>733 
^o  0,085418010,2315 
6o'o,  1  219  '9010,3010 


100 
1 10 


0,3839 

0,4828 

120  0,6021 


1  30 

140 


Numb.  Deg.    Numb. 


0,7481 
0,9319 
1 , 1 740 


160 

170 
180 


1,5207 
2,2194 
10,3010 


The  other  fcales  will  be  defcribed  in  their  proper  places. 
367.  Demonjlration  of  the  foregoing  conftruttions . 

That  of  the  log.  numbers,  is  evident  from  the  nature  of  logarithms* 

For  the  Sines  and  Tangents. 
Now  co -fine     :  rad. :  :  rad. :  fecant  (329}.  Then  cof.  xfecant   =1 
fine         :  rad. : :  rad. :  eo-fec.  (330).  finexco-fec. 

tang.        :  rad. : :  rad. :  co-tan.  (331).  tan.  xco-tan. 

The  radius  of  the  tables  being  fuppofed  equal  to  1. 

Hence  it  is  evident,  that  in  either  cafe,  one  of  the  quantities  will  be 
equal  to  the  quotient  of  unity  divided  by  the  other. 

But  divifion  is  performed,  by  fubtraclion  with  logarithms. 

And  to  fubtract  a  log.  is  the  fame  as  to  add  its  arith.  comp. 

Confequently  the  logarithmic  co-fine  and  fecant  of  the  fame  degrees, 
are  the  arithmetical  complements  of  one  another. 

And  (o  are  the  logarithmic  fines  and  co-fecants  :  Alfo  the  logarithmic 
j  tangents  and  co-tangents  are  the  arith.  comp*.  of  one  another. 

368.  Now  as  the  arith.  comp.  of  any  number,  is  what  that  number 
wants  ©f  unity  in  the  next  fuperior  place. 

Therefore  every  natural  fine  and  its  arith.  comp.  together  make  the 
radius. 

And  the  fines  begin  at  one  end  of  a  radius,  and  end  in  90s  at  the  other 
end. 

Therefore  in  a  fcale  of  fines,  the  arith.  comp.  of  any  fine,  or  its  co- 
fecant,  laid  backwards  from  90*  gives  the  divifion  for  that  fine.  And  the 
like  mult  happen  in  a  fcale  of  log.  fines. 

369.  Alfo,  as  the  logarithmic  tangents  and  co-tangents  are  the  arith. 
comp.  of  one  another.  Therefore  in  a  fcale  of  log.  tangents,  the  divifi- 
ons  to  the  degrees  both  under  and  above  45,  are  equally  diftant  from  the 
divifion  of  450. 

Confequently  the  divifions  ferving  to  the  degrees  under  45,  will  ferve, 
by  reckoning  backwards,  for  thofe  above  45. 

370.  For  the  Verfed  Sines. 

Although  the  numbers  in  the  line  of  verfed  fines  afcend  from  right  to 
1  left,  yet  they  are  only  the  fupplements  of  the  real  verfed  fines,  whofe  or- 
der in  numbering  is  the  fame  as  the  fines,  that  is  from  left  to  right :  But  as 
the  beginning  of  the  verfed  fines  falls  without  the  ruler,  therefore  'tis 
mofr.  convenient  to  lay  down  the  divifions  from  the  point  where  the  verfed 
fines  terminate  at  180  degrees,  that  is  againff  90*  on  the  fines. 

Now  'tis  evident  that  the  divifions  laid  off  from  this  termination  muft 
be  the  differences  between  the  log.  verfed  fines  of  the  feveral  degrees  &c 
and  that  of  180  degrees. 
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S  E  CTION    V, 

371.      The  ufe  of  the  Gunter's  Scale  in  Plane  Trigonometry. 

When  a  Trigonometrical  queftion  is  to  be  folved  by  the  Gunter's  fcale, 
it  muft  firft  be  ftated  by  the  precepts  to  that  problem  under  which  the 
queftion  falls,  whether  it  be  by  oppofite  fides  and  angles,  or  by  two  fides 
and  their  included  angle,  or  by  the  three  fides. 

372.  In  all  proportions  wrought  by  the  Gunter's  fcale,  when  the  firft 
and  fecond  terms  are  of  the  fame  kind,  then 

The  extent  from  the  firjl  term  to  thefecondy  will  reach  from  the  third  term 
to  the  fourth. 

Or,  when  the  firft  and  third  terms  are  of  the  fame  kind 

The  extent  from  the  fir  ft  term  to  the  thirds  will  reach  from  the  fecond  term  ! 
to  the  fourth. 

That  is,  fet  one  point  of  the  compaffes  on  the  divifion  exprefling  the 
firft  term,  and  extend  the  other  point  to  the  divifion  exprefling  the  fecond 
(or  third)  term  ;  then,  without  altering  the  opening  of  the  compafles,  fet 
one  point  on  the  divifion  reprefenting  the  third  term  (or  fecond  term), 
and  the  other  point  will  fall  on  the  divifion  fhewing  the  fourth  term  or 
anfwer. 

In  working  by  thefe  directions,  it  is  proper  to  obferve. 

.273.  Firft.  The  extent  from  one  fide  to  another  fide,  is  to  be  taken  -> 
from  the  fcale  of  Numbers ;  and  the  extent  from  one  angle  to  another  is  1 
to  be  taken  from  the  fcale  of  fines,  in  working  by  oppolite  fides  and  an-  ■ 
gles ;  or  from  the  fcale  of  tangents,  in  working  by  two  fides  and  the  in-  ■ 
eluded  angle. 

Secondly.  When  the  extent  from  the  firft  term  to  the  fecond  (or  third) 
is  decreafing,  or  from  the  right  to  the  left,  then  the  extent  from  the  third 
term  (or  fecond)  muft  be  alfo  decreafing;  that  is,  applied  from  the  right 
towards  the  left :  And  the  like  caution  is  neceflary  when  the  extent  is 
from  the  left  towards  the  right. 

The  precepts  being  carefully  attended  to,  what  follows  will  be  readily 
underftood. 
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374.  In  Example  I.     See  article  348. 

As   s,  IX  :  ab  :  :  s,  /_s  :  ac.  •    Or  s,  420    05'  :  195* :  :  s,  900   00'  :  q^, 
where  q_  ftands  for  the  number  fought. 

Now  the  extent  from  42 °  05'  to  900  oo',  taken  on  the  fcale  of  fines, 
arid  applied  to  the  fcale  of  numbers,  will  reach  from  195  to  291.  See 
art.  364. 

Alfo.  As  s,Z_c  :  ab::  s,Z_  a  :  bc.  Or  s,Z_42°  05'  :  195  :  :  s,  470  55' :  q. 

Then  the  extent  from  420  05'  to  470  55'  on  the  fines,  being  applied 
to  the  numbers,  will  reach  from  195  to  216.     See  art.  363. 

In  each  <  f  t'lefe  operations,  the  firft  extent  was  from  the  left  to  the  right, 
'  or  increafing  3  therefore  the  fecond  extent  muffc  be  from  left  to  the  right. 

!  375.  In  Example  IV.     See  art.  351. 

!    As  Ac  :  s,  Z_b  :  :  ab  :  s,  Z.C.     Or   291   :  s,  900  00'  :  :   195  :  q. 

Here  the  extent  from  291  to  195,  taken  on  the  numbers,  and  ap- 
1  plied  to  the  fines,  will  reach  from  900  oc/  to  4.20  05'. 

The  firft  extent  being  from  the  right  towards  the  left,  or -decreafing; 
J  therefore  the  fecond  extent  muff,  be  alfo  from  the  right  to  the  left. 

In  Example  VII.     See  art.  354. 
As  ab  :  Rad.  :  :  bc  :  t,z.A.    Or  195  :  ,t,  45*  o6r  :  :  216  :  q. 

Then  the  extent  from  195  to  216  on  the  numbers,  will  reach  from 
45°.  00'  to  470  55'  on  the  tangents. 

Here  the  firft  extent  being  from  left  to  right,  or  increafing ;  therefore 
|the  fecond  extent  muft  alfo  be  increafing  :  Now  on  the  tangents,  this  in- 
creafe  above  450  does  not  proceed  from  left  to  right,  but  from  right  to 
left,  the  fame  way  that  the  decreafe  proceeds  (365) ;  confequently  the 
divifion  which  the  point  falls  on  for  the  fourth  term,  rauft  be  eftimated 
according  as  the  firft  extent  is  increafing  or  decreafing. 

Thus  had  the  proportion  been, 

As  bc  :  Rad.  :  :  ab  :  t,Z.c.  Or  216  :  t,  450  oo'  :  :   195  :  q. 

Then  the  extent  from  216  to  195  on  the  numbers,  will  reach  from 
45°  Co'  to  420  05',  eftimated  as  decreafing. 

376.  When  two  fides  and  the  included  angle  are  given,  and  the  tan- 
gent of  half  the  difference  of  the  unknown  angles  is  required. 

Then,  on  the  line  of  numbers  take  the  extent  from  the  fum  of  the 
given  fides  to  their  difference  ;  and  on  the  line  of  tangents  apply  this  ex- 
tent from  450  downwards,  or  to  the  left;  let  the  point  of  the  compaifes 
reft  where  it  falls,  and  bring  the  other  point  (from  450)  to  the  division 
anfwering  to  the  half  fum  of  the  unknown  angles  ;  then  this  extent  applied 
from  450  downwards,  will  give  the  half  difference  of  the  unknown  an- 
gles :  Whence  the  angles  may  be  found.  (342) 
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In  Example  IX.    See  art.  356. 


As  ab+ac  :  ab-ac  :  :  t,  ±/Lc-\-/_b 
Or     567      :     249      :  :  t,    6o°  56' 

Now  the  extent  from  567  to  249  on  the  numbers,  being  applied  to 
the  tangent,  will  reach  from  45*  to  about  230  40' :  Let  one  point  of  the 
compares  reft  on  this  divifion,  and  bring  the  other  to  6o°  56' ;  then  this 
extent  will  reach  from  450  to  380  19'  the  half  difference  fought. 

And  this  method  will  always  give  the  half  difference  whether  the  half  fum 
of  the  angles  is  greater  or  lefs  than  45s. 

377.  But  when  the  half  fum  and  half  diff.  are  greater  than  450.  Then 
the  extent  from  the  fum  of  the  fides  to  their  diff.  on  the  fcale  of  num- 
bers, will  (on  the  tangents)  reach  from  the  half  fum  of  the  angles  to 
their  half  diff.  reckoning  from  left  to  right. 

And  when  the  half  fum  and  half  diff.  are  both  lefs  than  45*  ;  then  the 
extent  from  the  fum  of  the  fides  to  their  diff.  taken  from  the  numbers 
and  applied  to  the  tangents,  will  reach  from  the  half  fum  of  the  angles 
downwards  to  their  half  diff. 

378.  When  the  three  fides  are  given  to  find  an  angle,  and  a  perpendi- 
cular is  drawn  from  an  angle  to  its  oppofite  fide.     See  Ex.  X.  art.  357. 

As  ac  :  bc-j-ab  :  :  bc— ab  :  cd— ad. 
v  Or  291  :      411      :  :      21       :  o^. 

Now  the  extent  from  291  to  411  on  the  fcale  of  numbers,  will  reach 
from  21  to  29,6  alfo  on  the  numbers. 

Then  the  extent  for  the  angles  is  performed  in  the  fame  manner: 
as  fhewn  in  Ex.  I.     (373) 

379.  Or  an  angle  may  be  found  by  Problem  VI.  as  follows. 

In  the  fcale  of  numbers,  take  the  extent  from  the  half  fum  (of  g  &  d)) 
to  either  of  the  containing  fides  (as  e)  ;  apply  this  extent  from  the  other 
containing  fide  (as  f),  to  a  fourth  term :  Let  one  point  of  the  compaffes< 
reft  on  this  fourth  term,  and  extend  the  other  to  the  half  difference  (of  c 
&  d);  then  this  extent  applied  to  the  verfed  fines,  from  the  beginning, 
will  give  the  fupplement  of  the  angle  fought. 

In  Example  X.     See  art.  357. 

1  =  291  j  F  =  2i6;  half  fum  =135;  half  diff.  =  60. 

Then  on  the  numbers,  the  extent  from  135  to  291,  will  reach  froni 
2l6  to  465  ;  let  the  point  reft  there,  and  extend  the  other  to  60 ;  ther 
this  extent  applied  to  the  verfed  fines,  will  reach  from  the  beginning  tc 
x27°  5&'  i  which  taken  from  180°,  leaves  420  04'  for  the  angle  fought. 
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380.  In  Example  XI.    See  art.  358. 

Here  Err  408;  F=35i;  half  fum  of  g&  d  =  io8j  half  cliff.  =r  51. 

Then  on  the  numbers,  the  extent  from  108  to  408,  will  reach  from 
351  in  the  fecond  interval,  to  fome  point  beyond  the  fcale;  therefore  ap- 
ply the  extent  in  the  firft  interval,  which  will  reach  from  35,1  to  132,6 ; 
let  one  point  reft  at  132,6  and  extend  the  other  to  51  :  Now  as  this  ex- 
tent is  lefs  than  it  ought  to  be  by  one  interval,  or  half  the  length  of  the 
fcale  of  numbers;  therefore  thelaft  extent  muftbe  applied,  on  the  verfed 
fines,  from  the  point  oppofite  to  the  middle  of  the  fcale  of  numbers,  which 
is  nearly  at  1430  ;  then  it  will  reach  from  thence  to  1570  23',  which 
taken  from  1800  leaves  22°  37'  for  the  angle  fought. 

Moft  of  the  writers  on  Plane  Trigonometry  treat  of  right  angled,  and 
of  oblique  angled  triangles  feparatelv ;  making  feven  cafes  in  the  former 
and  fix  cafes  in  the  latter  :  But  as  every  one  of  thefe  thirteen  cafes  fall  un- 
der one  or  other  of  the  foregoing  Problems,  therefore  fuch  diftincYions 
are  here  avoided,  it  being  conceived  that  they  rather  tend  to  perplex  than 
inftruct  a  learner  :  Alfo  in  the  generality  of  the  treatifes  on  this  fubjecVtis 
ufually  (hewn  how  the  folutions  of  right  angled  triangles  are  performed  by 
making  (as  'tis  called)  each  fide  radius ;  that  is,  by  comparing  each  fide 
of  the  triangle  with  the  radius  of  the  tables :  And  altho'  thefe  confidera- 
;  tions  are  here  omitted,  yet  the  inquifitive  reader  will  find  them  in  the  table 
at  article  684. 
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BOOK     III. 

OF      SPHERICS. 

SECTION    I. 

fruitions  and   Principles, 

381,  Q  P  H  E  R  I  C  S  is  that  part  of  the  Mathematics  which  treats  of 
\^j  the  polition  and  nxnfuration  of  arcs  of  circles  defcribcd  on  the 
furface  of  a  fphere. 

3S2.  A  fphere  is  a  folid  contained  under  one  uniform  round  furface,, 
fuch  as  would  be  formed  by  the  revolutiori  6f  a  circle  about  a  diameter  r 
thereof,  that  diameter  being  immoveable  during  the  motion  of  the  circle. 

Thus  the  circle  aebd  revolving  about  the  diameter  ab,  will  generate  a 
fphere,  wh of e  furface  vjill  be.  formed  by  the  circumference  aebd.   See  Plate  I, 

383,  The  centre  and  axis  of  a  fphere  are  the  fame  as  the  centre  and  dia- 
meter pfthe  generating  circle  :  And  as  a  circle  has  an  indefinite  number  of 
diameters',  fo  a  fphere  may  be  confidered  as  having  alfo  an  indefinite  num- 
ber of  axes,  round  any  one  of  which  the  fphere  maybe  conceived  to  be 
generated. 

384.  Circles  of  the  fphere,  are  thofc  circles  defcrihed  on  its  furface,  by 
tlv:  motion  of  the  extremities  of  fuch  chords  in  the  generating  circle  as  are 
at  right  angles  to  the  diameter  thereof,  or  to  the  axis  of  the  fphere. 

Thus  by  the  motion  of  the  circle  aebd  about  the  diameter  ab,  the  extremities 
cfth,  chords,  ED,  of,  ih,  at  right  angles  to  AB,  will  clefcribe  circles  ivhoft 
&\amete\  s  are  eqt  ai  io  thofe  cl.  orch.     Plate  I. 
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385.  The  Poles  of  a  circle  on  the  fphere,  are  thofe  points  on  its  fur- 
face  equally  diflant  from  the  circumference  of  that  circle. 

'    Thus  A  and-B  are  the  ■poles  of  the  circles  defcnbed  on  the  fphere  by  the  ends 
of  the  chords  ED,  gf,  ih.     Plate  I. 

386.  A  great  circle  of  the  fphere,  is  that  circle  which  is  equally  diflant 
from  both  its  poles. 

Thus  the  circle  defer ibed  by  the  extremities  E,  D,  of  the  diameter  ED,  at 
right  angles  to  ab,  being  equally  difi 'ant  from  its  poles  A  and  B,  is  called  a 
great  circle. 

387.  LefTer  circles  of  the  fphere,  or  fmall  circles,  are  thofe  which  are 
unequally  diftant  from  both  their  poles. 

Thus  the  circles  whofe  diameters  are  fg,  hi,  having  their  poles  A  and  B 
■   unequally  diflant  from  them,  are  called  leffer  circles. 

388.  Parallel  circles  of  the  fphere  are  fuch  whofe  planes  are  confidered 
f  as  parallel  to  the  plane  of  fome  great  circle. 

Thus  the  circles  whofe  diameters  are  fg,  hi,  are  called  parallel  circles  in 
\  refpeft  to  the  great  circle  whofe  diameter  is  ed. 

389.  A  fpheric  angle  is  the  inclination  of  two  great  circles  of  the 
fphere  meeting  one  another;  and  is  meafured  by  an  arc  of  a  great  circle 

I   intercepted  between  the  legs  of  that  angle,  at  90  degrees  diftant  from  the 
.  angular  point, 

390.  A  fpheric  triangle  is  a  figure  formed  on  the  furface  of  a  fphere 
by  the  mutual  interfections  of  three  great  circles. 

391.  The  flereographic  projection  of  the  fphere,  is  fuch  a  reprefenta- 
I  tion  of  its  circles  upon  the  plane  of  one  of  them  paffing  !:hro'  the  centre, 
I  and  called  the  plane  of  projection,  as  would  appear  to  an  eye  placed  in 
I  one  of  the  poles  of  that  great  circle,  and  thence  viewing  the  circles  on  the 
I   fphere. 

392.  The  place  of  the  Eye  is  called  the  projecting  point,  or  lower 
pole,  and  the  point  diametrically  oppofite  is  called  the  remoteft,  or  op- 
pofite,  or  upper  pole. 

393.  The  Primitive  circle  is  that  great  circle  which  limits  or  bounds  the 
feprefentation  or  projection. 

394.  An  Oblique  circle  is  the  projection  of  fuch  a  great  circle  whofe 
plane  lies  obliquely  to  the  eye. 

395.  A  Right  circle  is  reprefented  by  a  diameter  of  the  primitive  circle, 
and  is  the  projection  of  that  great  circle  whofe  plane  paffes  thro'  the  e)  es 
or  is  feen  edgewife. 
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AXIOMS. 

396.  The  diameter  of  every  great  circle  partes  thro'  the  centre  of  the 
fphere ;  but  the  diameters  of  all  fmall  circles  do  not  pafs  thro'  the  fame 
centre  :  Alfo  the  centre  of  the  fphere  is  the  common  centre  of  all  its  great 
circles. 

397.  Every  fedtion  of  a  fphere  by  a  plane,  is  a  circle. 

398.  A  fphere  is  divided  into  two  equal  parts  by  the  plane  of  every 
great  circle;  and  into  two  unequal  parts  by  the  plane  of  every  fmall 
circle. 

399.  The  pole  of  every  great  circle  is  at  90  degrees  diftance  from  it  on 
the  furface  of  the  fphere :  And  no  two  great  circles  can  have  a  common 
pole. 

400.  The  poles  of  a  great  circle  are  the  extremities  of  that  diameter, 
or  axis  of  the  fphere  which  is  perpendicular  to  the  plane  of  that  circle. 

401.  Lines  flowing  to  the  projecting  point,  or  place  of  the  eye,  from 
every  point  in  the  circumference  of  a  circle  which  it  views,  form  the 
convex  furface  of  a  Cone. 

402.  The  projection  of  any  point  on  the  fphere,  is  that  point  in  the 
plane  of  projection  thro'  which  the  vifual  ray  pafles  to  the  eye. 

403.  A  plane  pafling  thro'  three  points  on  the  furface  of  a  fphere, 
equally  diftant  from  the  pole  of  a  great  circle,  will  be  parallel  to  the  plane 
ef  that  circle. 

404.  The  fhorteft  diftance  between  two  points  on  the  furface  of  a 
fphere,  is  the  arc  of  a  great  circle  pafling  thro'  thofe  points. 

405.  If  one  great  circle  meets  another,  the  angles  on  either  fide  are 
fupplements  to  one  another  j  and  every  fpheric  angle  is  lefs  than  180  degrees. 

406.  If  two  circles  interfect  one  another,  the  oppofite  angles  are  equal. . 

407.  Two  fpheric  triangles  are  congruous,  if  two  fides  and  their  con- 
tained angle  in  one,  are  equal  to  two  fides  and  their  contained  angle  in  1 
the  other  each  to  each  :  Or  if  two  angles  and  the  contained  fide  in  the 
one,  are  equal  to  two  angles  and  their  contained  fide  in  the  other  each  to 
each  :  Or  if  the  three  fides  in  the  one,  are  refpectively  equal  to  the  three 
fides  in  the  other. 

408.  All  parallel  circles  having  the  fame  pole,  may  be  conceived  to  be 
concentric  to  the  great  circle  to  which  they  are  parallel. 

409.  All  circles  on  the  fphere  having  the  fame  pole,  are  cut  into  fimils 
arcs  by  great  circles  pafling  thro'  that  1  ob. 
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SECTION    II. 
STEREOGRAPHIC    PROPOSITIONS. 


410. 


PROPOSITION    I. 

Great  circles  ofafpbere  mutually  cut  one  another  into  two  equal  parts. 

Demonst.  Any  two  great  circles  have  the  fame  common  centre.  (396) 
And  their  planes  interfecT:  in  a  right  line.  (2^3) 

Now  the  centre  muft  lye  in  their  interfedtion. 
Therefore  this  right  line  is  a  diameter  common  to  both. 
But  every  circle  is  bife£ted  by  its  diameter.    - 
Therefore  the  circles  mutually  bifect  one  another. 

411.  Corol.  I.  Two  great  circles  interfering  one   another,  twice, 
the  angles  at  both  fections  are  equal.    ' 

For  the  planes  of  thofe  circles  have  the  fame  inclination  on  either  fide 
of  their  interfe&ion. 

412.  Corol.  II.  Two  great  circles  of  the  fphere  will  cut  each  other 
twice  at  the  diftance  of,  180  degrees,  or  in  oppofite  points  of  this  fphere. 


413.  P  R  O  P.    II. 

The  dijlance  of  the  poles  of  two  great  circles,  is  equal  to  the  angle  formed  by 
the  inclination  of  thofe  circles.     Plate  I. 

Dem.  Let  aeb,  ced,  be  two  great  circles  of  the  fphere,  their  planes 

pailing  thro'  its  centre  f  ;  and  let  a,  b,  be  the  poles  of  the  former,  and 

*,  d,  the  poles  of  the  latter. 

Then  is  the  arc  a  a  =  arc  c  c  —  900.  (399) 

And  the  arc  c  a  is  common  to  both. 

Therefore  the  arc  ac  meafuring  the  inclination  cfa  of  the  circles,  is 

equal  to  the  arc  ac  meafuring  the  diftance  of  the  poles. 

414.  Corol.  I.  Two  great  circles  are  at  right  angles  to  one  another 
when  they  pafs  thro'  each  other's  poles. 

415.  Corol.  II.  The  pole  of  a  great  circle  is  90  degrees  diftant 
from  it,  taken  in  another  great  circle,  or  in  an  arc  thereof,  drawn  perpen- 
dicular to  the  former  circle. 

416.  Corol.  III.  Two  or  more  great  circles  at  right  angles  to  an- 
other great  circle,  interfecl:  one  another  at  900  diftant  from  it,  or  in  the 
pole  of  the  latter  circle.     And  the  like  of  arcs  of  great  circles. 

417.  Corol.  IV.  If  feveral  great  circles  interject  one  another  in  the 
pole  of  another  great  circle  $  then  are  the  former  circles  perpendicular  to 
the  latter.  1 
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418.  PROP.    III. 

In  the  Jlereographic  projection  of  the  fphere,  the  reprefentations  ef  'all  cir- 
cles, not  pafftng  thro'  the  projecting  point,  will  be  circles.  Plate  I.  three 
figures. 

Let  acedb  reprefent  a  fphere,  cut  by  a  plane  rs,  paffing  thro'  the 
centre  1,  at  right  angles  to  the  diameter  eh,  drawn  from  e  the  place  of 
the  eye. 

And  let  the  fection  of  the  fphere  by  the  plane  rs,  be  the  circle  cfdl, 
whofe  poles  are  H  and  E. 

Suppofe  agb  is  a  circle  on  the  fphere  to  be  projected,  whofe  pole,  moft 
remote  from  the  eye,  is  p  :  And  the  vifual  rays  from  the  circle  agb  meet- 
ing in  e,  form  the  cone  agbe,  whereof  the  triangle  aeb  is  a  fection 
thro'  the  vertex  e,  and  diameter  of  the  bafe  ab.  (278) 

Then  will  the  figure  agbf,  which  is  the  projection  of  the  circle  bgA,_ 
be  a  circle. 

Demonstration.    Since    the  £_Eabls  meafured    by  \  arc  ac -f- 
(4  arc  ED  =)  -'-arc  CE.  _  (220) 

And  the  Z_  eba  is  meafured  by  \  arc  ac  -f~4  arc  CE«  (2I1) 

Therefore  the  angle  eba  z=  angle  Eab.  (I4I) 

And  fo  the  triangles  eab,  Eba,  are  fimilar,  the  L.  E  being  common. 
Therefore  ab  cuts  the  fides  ea,  eb,  of  the  cone  in  a  fubcontrary  pofi- 
tion  to  ab  ;  and  confequently  the  fection  afbg  is  a  circle.  (286) 

Now  fuppofe  the  plane  rs  to  revolve  on  the  line  cd,  till  it  coincides  I 
with  the  plane  of  the  circle  aceb. 

Then  'tis  evident  that  the  point  L  will  fall  in  H,  the  point  F  in  E,  and  I 
the  circle  cfdl  will  coincide  with  the  circle  cedh,    which  now  be-  i 
comes  the  primitive  circle,  where  the  point  F,  or  E,  is  the  projecting 
point :  Alfo  the  projected  circle  afbg  will  become  the  circle  a  n  b  K. 

419.  Corol.  I.  Hence  the  middle  of  the  projected  diameter  is  the  cen- 
tre of  the  projected  circle,  whether  it  be  a  great  circle  or  a  fmall  one. 

420.  Corol.  II.  Hence  in  all  circles  parallel  to  the  plane  of  projec- 
tion, their  centres  and  poles  will  fall  in  the  centre  of  the  projection. 

421.  Corol.  III.  The  centres   and  poles  ef  circles   inclined  to  the 
plane  of  projection,  fall  in  that  diameter  of  the  primitive  circle  which  is  I 
at  right  angles  to  the  diameter  drawn  thro'  the  projecting  point ;  but  at  i 
different  diftances  from  its  centre. 


422.  Corol.  IV.  All  oblique  great  circles  cut  the  primitive  circle  in 
two  points  diametrically  oppcute. 


423. 
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423.  PROP.    IV. 

The  projected  diameter  of  any  circle  fubtends  an  angle  at  the  eye  equal  to 
the  dijlance  of  that  circle  from  its  near  eji  pole,  taken  on  the  fphere.  And  that 
angle  is  bifecled  by  a  right  line  joining  the  eye  and  thai  pole.     Plate  Ii 

Let  the  plane  Rs  cut  the  fphere  hfeg  as  in  the  laft. 
And  let  abc  be  any  oblique  great  circle,  whole  diameter  AC  is  projected  in 
ac\  and  kol  any  fmall  circle  parallel  to  abc,  whofe  diameter  kl  is  pro- 
jected in  kl. 

Thediftances  of  thofe  circles  from  their  pole  p,  being  the  arcs  ahp, 
khp,  and  the  angles  a  e  c,  k  e/,  are  angles  at  the  eye  fubtended  by  their 
projected  diameters  a  c,  k  I. 

Then  is  the  angle  aEc  meafured  by  the  arc  ahp,  the  angle  kzl  is 
meafured  by  the  arc  khp  ;  and  thofe  angles  are  bifected  by  ep. 


Dem.  For  arc  pha  =  arc  pc  ;  and  arc  phk  =arc  PL.  (385) 

And  the  Z.  aec  is  meafured  by  \  arc  apc  z=  arc  pha.  (220) 

Alfo  the  L.  kel  is  meafured  by  4  arc  kpl  =arc  phk.  (220) 

Therefore  the  angles  aec,  kel,  are  refpectively  meafured  by  the  arcs 
pha,  phk. 
And  'tis  evident  thofe  angles  are  bifected  by  the  line  ep. 


424.  Corol.  I.  Hence  as  the  line  ep  projects  the  pole  p  mp;  (6  the 
fame  line  refers  a  projected  pole  to  its  place  on  the  fphere,  in  the  circum- 
ference of  the  primitive  circle. 


4 


25.  Corol.  II.  Hence  on  the  primitive  circle  may  be  defcribed  the 
reprefentation  of  any  circle  whofe  diftance  from  its  pole,  and  the  pro- 
jected place  of  that  pole  are  given. 

For  pa  and  pc  are  projected  into  p  a  and  p  c,  and  the  bifection  of 
ac  gives  the  centre  of  the  circle  fought. 


426.  Corol,  III,  Hence  every  projected  oblique  great  circle  cuts  the 
primitive  circle  in  an  angle  equal  to  the  inclination  of  the  plane  of  that 
oblique  circle  to  the  plane  of  projection. 

ForFtf  is  equivalent  to  fa  the  inclination. 

And  Fa  meafures  the  angle  fh«,  fince  fh,  Ha  are  each  900.        (389) 

427.  Corol.  IV.  The  diftance  between  the  projections  of  a  great 
circle  and  any  of  its  parallels  is  equivalent  to  their  diftance  on  the 
fphere. 

Thus  the  projection  ah  is  equivalent  to  ak, 
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428.  PROP.    V. 

( 
Any  point  of  a  fphere  ft ereographi colly  projecJed,  is  diftant  from  the  centre 
of  proj ettion,  by  the  tangent  of  half  the  arc  intercepted  between  that  point  and. 
the  pole  oppfite  to  the  eye  :  The  femidiameter  of  the  fphere  behig  made  ra- 
dius.    Plate  I. 

Let  c  b  eb  be  a  great  circle  of  the  fphere  whofe  centre  is  r,  gh  the 
plane  of  projection  cutting  the  diameter  of  the  fphere  in  Z>,  B  ;  E,.  c,  the 
poles  of  the  fection  by  that  plane ;  and  a  the  projection  of  A. 
Thenisftf  equal  to  the  tangent  of  half  the  arc  Ac. 

Dem.  Draw  cf,  a  tangent  to  the  arc  cd  =r  \  arc  ca,  and  join   c  F. 
Now  the  triangles  cf  <-,  caE,  are   congruous:    For    cczzcEy  /_  c  =2 
l_  E  c  a  =  right  Z_,  L-  c  c  f  2=  L.  c  E  a ; :  Therefore  c  a  55  CF. 
Confequently  ca  is  equal  to  the  tangent  of  half  the  arc  CA. 

429.  PROP.    VI. 

The  angle  made  by  the  interferon  of  the  circumferences  of  two  circles  in  thg 
fame  plane,  is  equal  to  the  angle  made  by  tangents  to  thofe  circles  in  the  point 
of  fetlion  ;  and  alfo  is  equal  to  the  angle  made  by  their  radii  drawn  to  that 
point.     Plate  I. 

Let  ce,  cd,  be  two  arcs  of  circles  in  the  fame  plane  cutting  in  the 
point  c  ;   ac,  ec,  their  radii;  gc,  fc,  tangents  at  the  point  c. 
Then  is  the  curve  lined  angle  ecd~  L.  gcf  =  L.  acb. 

Dem.  Since  the  radii  Ac,  bc,  are  at  right  angles  to  their  tangents  gc,  , 

FC   (209) ;  and  are  alfo  at  right  angles  to  the  arcs  ce,  CO.  (2I9)  ' 

Therefore  the  pofition  of  the  tangents  and  arcs  at  the  point  c  are  the  fame  ;., 

and  therefore  the  Z_  ecd  —  Z_  gcf. 

Alfo  the  Z.  acb  4r  4  bcg=  (right  L. ■=■)  L  fcg  -\-  /_  bcg. 

Therefore  the  angle  a£b  is  equal  to  the  angle  fcg,  by  taking  away  the ! 

common  angle  bcg. 

Confequently  Z_ecd  =  £_  ccf  =  Z.  acb. 

430.  Scholium.  If  the  arcs  en,  cd,  were  in  different  planes,  thea»| 
fame  would  hold  true  with  regard  to  their  tangents. 

For  fuppofe  the  circle  en  to  revolve  on  the  fixed  radius  BC,  ftill  cut-,-] 
ting  the  circle  ce  in  c  :  Then  the  tangent  cf  revolving  with  it,  has  ltill 
the  fame  inclination  to  bc  :  And  as  the  inclination  of  the  planes,  of  the  | 
circles  vary,  fo  much  will  the  inclination  of  the  tangents  vary. 

Therefore  the  angle  made  by  the  tangents,  in  all  pofitions  of  the  cir- 
cular planes,  is  the  fame  as  the  angle  made  by  their  circumferences. 

431.  Corol.  Hence  if  a  plane  touch  a  fphere,  at  the  point  where  two 
circles  thereof  inter  feet  one  another,  the  tangents  to  both  circles  will  lie 
in  that  plane;  and  confequently,  in  all  oblique  pofitions,  a  right  line 
perpendicular  to  cue  tangent  will  cut  the  other  tangent.  432. 
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432.  PROP.    VII. 

The  angle  which  any  two  circles  make  whenjlereographically  projeSfed,  is 
equal  to  the  angle  which  thofe  circles  make  on  the  fphere.     Plate  I. 

Let  iace  and  abl  be  two  circles  on  a  fphere  interfering  in  a;  E  the 
projecting  point,  and  rs  the  plane  of  projection  whereon  the  point  A  is 
(projected  in  a,  in  the  line  ic,  the  diameter  of  the  circle  ace. 
Alfolet  dh,  fa,  be  tangents  to  the  circles  ace,  abl. 
Then  if  ad,  af,  are  the  projections  of  the  tangents  ad,  af  ;  the  pro- 
jected tLdafwiW  be  equal  to  the  fpheric  angle  bac. 
Dem.  As  the  tangents  ad,  af,  are  obliquely  pofited  in  a  plane  touch- 
iing  the  fphere  in  A.  (43 0 

From  any  point  d  in  the  tangent  ad,  draw  df  perpendicular  to  ad 
meeting  the  tangent  af  in  f  ;  draw  dg  parallel  to  ic  meeting  ea  pro- 
:  duced  in  G,  and  draw  FE  cutting  the  plane  of  projection  inf. 

Now  as  the  tangent  dh  is  in  the  fame  plane  with  the  circle  ace  paffing 
thro'  the  eye  e,  the  line  ad  will  be  projected  in  the  line  ad. 

And  as  Z_dge  -=.L.da  e       (185)  =  Z_eah.  (215,220) 

Andz.  eah  =  Z.  dag.  (183) 

Therefore  Z.  dge  =  Z.  dag.  And  dg  =  da.  (j94) 

Alfo  df  being  perpendicular  to  A  D,  is  at  right  angles  to  the  plane  ace  ; 

and  confequently  is  in  a  parallel  pofition  to  the  plane  rs. 

Therefore  df  the  projection  of  df  is  at  right  angles  to  da  the  projec- 
tion of  DA. 

Therefore  the  triangles  df  a,  dfg,  are  parallel  feet  ions  of  the  pyra- 
mid dfge  :  So  xhd&ad  :  df  :  :  (dg=)  da  :  df.  (285) 
Now  the  triangles  adf,  a  df,  having  an  equal  angle  in  each,  and  the 
fides  about  that  angle  proportional,  are  firnilar.  (25I) 
Confequently  the  angle  daf=z  angle  daf. 
But  Z.  daf  ;=  Z.  bac  (429) :  Therefore  Z.  daf—  Z.  bac. 

433.  PROP.    VIII. 

Tlie  dijlance  between  the  poles  of  the  primitive  circle  and  an  oblique  circle^ 
in  Jiereographic  projections,  is  equal  to  the  tangent  of  half  the  inclination  of 
thofe  circles  ;  and  the  dif  lance  of  their  centres  is  equal  to  the  tangent  of  their 
inclination :  The  femidiameter  of  the  primitive  circle  being  made  radius. 
Plate  I. 

Let  ac  be  the  diameter  of  a  circle  whofe  poles  are  P  and  q,  and  inclined 
to  the  plane  of  projection  in  the  angle  aif. 
And  let  a,  c,  p,  be  the  projections  of  the  points  A,  c,  P. 
Alio  let  H  a  E  be  the  projected  oblique  circle,  whofe  centre  is  q. 
Now  when  the  plane  of  projection  becomes  the  prim,  circle  whofe  pole  is  I. 
Then  is  1^  =  tangent  of  half  Z.  aif,  or  of  half  the  arc  af. 
And        1  q  =  tangent  of  af,  or  of  the  Z.  fh  a  —  aif. 

Dem.  For  ah  -f-  hp  — :  ah  -|-  af.     Therefore  HP  =  af. 
But  1  p  =  tangent  of  half  HP,  or  of  half  af.  (428) 

Again.     As  AC  is  projected  in  ac,  then  q  the  middle  of  ac,  is  the  centre 
of  the  projected  circle,  and  of  its  reprefentative  h^e.  (425) 

Draw  e  <?  produced  to  r :  Then  as  qa=zq  e  ;  the  /.?E*  =  Z.jfl£.(i'1i) 

R  2  But 
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But  the  L.  q  a  e  is  meafured  by  half  the  arc  efa.  (220) 

Therefore, the  arc  ah  f—  arc  afe  (143)  i  And  as  the  arc  ahp  •=.  fqe. 
Therefore  Prr=:AF  —  HP;  and  HP  r  =  twice  the  arc  AF. 
Therefore'  (210)  the  Z_  IE  q~  L.  aif,  the  inclination  of  the  circles. 
Ilut  iq  is  the  tangent  of  the  L.  IE  q,   ei  being  the  radius. 

43d.  Corol.  Hence  the  radius  of  an  oblique  circle  is  equal  to  the  fe- 
cant  of  the  obliquity  of  that  circle  to  the  primitive. 
For  £  q  is  the  fecant  of  the  angle  iEf,  to  the  radius  E 1. 

435.  PROP.    IX. 

If  thro  any  given  point  in  the  ■primitive  circle  an  oblique  circle  be  defcribed  ;i 
then  the  centres  of  all  other  oblique  circles  pajjing  thro'  that  point,  will  be  im 
a  right  line  drawn  thro'  the  centre  of  the  fir jl  oblique  circle  at  right  angles  to  a. 
line  pajjing  thro'  that  centre ,  the  given  point,  and  the  centre  of  the  primitive. 

Let  gace  be  the  primitive  circle,  adei  a  great  circle  defcrjbed  thro' 
D,  its  centre  being  b. 

hk  is  a  right  line  drawn  thro'  B,  perpendicular  to  a  right  line  ci  paff- 
ing  thro'  r»,  B,  and  the  centre  of  the  primitive  circle. 

Then  the  centres  of  all  other  great  circles  fdg  pafling  thro'  d  will' 
fall  in  the  line  hk. 

Dem.  For  if  e  be  the  projecting  point,  the  circle  edai  will  be  the 
projection  of  a  circle  whofe  diameter  is  nm,  (4*&) 

Therefore  d  and  1  are  the  projections  of  N,  m,  which  are  oppofite 
points  on  the  fphere  ;  or  of  points  at  a  femicircle's  difrance. 

Therefore  all  circles  palling  thro'  d  and  1  muff,  be  the  projections  ofi 
great  circles  on  the  fphere. 

But  di  is  a  chord  in  every  circle  pamng  thro'  the  points  d,  i. 

Confequently  the  centres  of  all  thofe  circles  will  be  found  in  hk  drawn  1 
perpendicularly  thro'  b  the  middle  of  di.  (208) 

436.  PROP.     X.        - 

Equal  arcs  of  any  two  great  circles  of  the  fphere,  will  be  intercepted  be-- 
tween  two  other  circles  dr&wn  on  the  fphere  thro'  the  remotcjl  poles  of  thofe* 
great  circles.     Plate  I.  ' 

Let  pbea   be  a  fphere,  whereon    agb,  cfd,  are  two  great   circles,, 
whofe  remoteff.  poles  are  e,  p  ;  and   thro'  thefe  poles  let  the  great  circle; 
pbec,  and  fmall  circle  pge,  be  drawn,  interfecting  the  great  circles  agb,., 
Cfd,  in  the  points  u,  g,  and  d,  f. 
Then  are  the  intercepted  arcs  bg  and  df  equal  to  one  another. 

Dem.  For  the  arcs  ed  -J-  de  —  arcs  pb  -f-  db  ;  therefore  ed  ==  vp.. 
And  the  arcs  f.f ..-f-  fg  ==  arcs  pg  -f  fg  (399)1;  therefore  ef  =  PC 
For  the  points  f  and  G  are  equally  diftant  from  their  poles  p,  e. 
Alfo  the  L.  Def  =:epg  ;  for  interfecting  circles  make  equal  angles  at  the 
fections.  (4Jr) 

Therefore  the  triangles  Ef  d  and  P'GB  pre  congruous.  (4Q7J 

Therefore  the  arc  bg  =:  arc  df. 
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437#  PROP.    XI. 

If  lines  be  drawn  from  the  proj  eft  ed  pole  of  any  great  circle,  cutting  the  pe- 
ripheries of  the  projefted  circle  and  plane  of  projection,  the  intercepted  arcs  of 
thofe  circumferences  are  equal.     Plate  I. 

On  the  plane  of  projection  agb,  let  the  great  circle  cfp  be  projected 
in  cfd,  and  its  pole  p  m  p:  Then  the  lines  pd,  pf,  being  drawn,  cut- 
ting the  circumference  of  the  plane  of  projection  in  B,  c,  and  that' of  the 
projected  circle  in  d,  f;  the  arc  gb  =  arc/*/. 

|Dem.  For  as  the  points  d,  f,  are  projected  in  d,f.  (418) 

[The  arc  fd  is  equivalent  to  the  arc  fd. 

jBut  the  arc  fd  is  equal  to  the  arc  gb.  ■  (435) 

Therefore  the  arc  gb  is  equal  to  the  zxefd. 

438.  PROP.    XII. 

I  The  radius  of  any  final!  circle,  whofe  plane  is  perpendicular  to  that  of  the 
Primitive  circle,  is  equal  to  the  tangent  of  that  leffer  circle's  dijlance  from  its 
!>ole  j  and  the  fecant  of  that  dijlance,  is  equal  to  the  dijlance  of  the  centres  of 
'he  primitive  and  leffer  circle.     Plate  I. 

Let  P  be  the  pole,  and  ab  the  diameter  of  a  leffer  circle,  the  plane  be- 
ng  perpendicular  to  the  plane  of  the  primitive  circle,  whofe  centre  is  c  : 
Then  d  being  the  centre  of  the  projected  leffer  circle,  d  a  is  equal  to  the 
:angent  of  the  arc  pa,  and  dc  z=.  fecant  of  pa, 

3em.  Draw  the  diameter  ed  parallel  to  ab,  and  thro'  p-draw  c  I.  Now 
i  being  the  projecting  point,  the  diameter  ab  is  projected  in  ab.     {402) 
'I  And  d  the  middle  of  ab  is  the  centre  of  a  circle  on  ab.  (419) 

Then  a  right  line  drawn  from  d  thro'  a,  will  meet  b  :  (213) 

\nd  draw  ca,  dA. 

vfow  the  right  angled  triangles  DC  b,  DAE,  having  the  angle  d  common  ; 
he  Z_d£c  =  Z.dea.  (188) 

3utz_  dea  =  |  Adca;  andAD£c  —  4  L.  Adc  :  (210) 

Therefore  l.  dca  =  /_  a  dc. 
^ow  Z-DCA-j-Z-AC^rz:  right  angle ; 

Then  Z_  a  <f  c  -j-  Z.  acd  :=  right  angle :  Therefore  /_  ca  d  is  right  (1S6) 
^onfequently  d  a  =  radius  of  the  circle  a  a  B,  is  the  tangent  of 

he  arc  pa,  to  the  radius  ca.  (209) 

\nd  dc,  the  diftance  of  the  centres,  is  the  fecant  of  the  arc  ab.      (300) 

439.  Corol.  Hence  the  tangent  and  fecant  of  any  arc  of  the  primitive 
•irele,  belongs  alfo  to  an  equal  arc  of  any  oblique  circle  j  thofe  arcs  being 
eckoned  from  their  interferon. 

For  the  arc  Pc  of  every  oblique  circle  intercepted  between  p  and  the 
ire  of  the  fmall  circle  A  as,  is  equivalent  to  the  arc  PA  of  the  primitive 
:ircle  ;  Becauie  the  arc  a  a  s  is  equally  diftant  from  its  pole  p.        (385) 

SECTION 
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SECTION    III. 

SPHERICAL    GEOMETRY. 

Spheric  Geometry,  or  fpheric  projection,  is  the  art  of  defer ibin^ 
cr  reprefenting  on  the  plane  of  a  great  circle,  fuch  circles  or  arcs  ot 
circles  as  are  ufually  drawn  upon  a  fphere ;  and  of  meafuring  fuch  arc. 
and  their  pofitiom  to  one  another  when  pro']  eel  ed. 


440. 


PROBLEM    I. 


%o  defer  the  a  great  circle  that  fhall  pafs  thrt?  two  given  points  in  the  pri\ 
mkive  circle,  or  plane  of  projection. 

Let  the  given  points  be  a,  e  ;  and  c  the  centre  of  the  prim,  circle. 


Case  i.  Wlien  one  point  a  is  the  centre  of  the  prM 
mitive  circle. 

Const.  A  diameter  drawn  thro'  the  given  poin 
a,  b,  will  be  the  great  circle  required.  (39* 

Case  2.  When  one  point  a  is  in  the  circumf.  of  1 
primitive  circle. 

Const.  Thro'  a  draw  a  diameter  ad. 
^      Then  an  oblique  circle  defcribed  thro'  the  thr 
points  a,  B,  D,  (163)  will  be  the  great  circle  r 
quired.  (42 

441.  Case  3.  When  neither  point  is  at  the  centtM 
or  circumference  of  the  primitive  circle. 


Const.  Thro'  one  point  a,  and  the  centre 
y,   draw  AG,  and  draw  ce  at  right  angles  to  AG. 
A  ruler  by  E  and  a  gives  d  ;  by  d  and  c  gives 
and  by  e  and  f  gives  g,  in  ac  continued. 
Thro'  the  three  points  G,  B,  a,  defcribe  a  circumference  (163)  cutti; 
the  primitive  circle  in  h  and  1. 

Then  the  oblique  circle  hbai  will  be  the  great  circle  required. 
For  ag  may  be  taken  as  the  projection  of  the  great  circle  fd.      (4c! 
Therefore  a  and  g  are  the  projections  of  oppofite  points   on  t 
fphere.  (41 

Confequently  all  circles  palling  thro'  G  and  a  will  be  the  reprefenl 
tives  of  great  circles,  on  die  fphere. 
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About  any  given  point  as  a  pole,  to  defcribe  a  great  circle  in  a  given  primi- 
ive  circle. 

'  Let  P  be  the  given  point,  and  1  the  centre  of  the  primitive  circle. 


Case  i.  When  the  given  pole  P  is  in  the  centre  of  the 
rimitive  circle. 

Const.  The  primitive  circle  will  be  the  great 
ircle  required.  (393) 

Case  2.  IVhen  the  given  pole  P  is  in  the  circumfe- 
tnce  of  the  primitive  circle. 

Const.  Thro'  the  given  pole  P,  draw  pe  a  dia- 
!  leter  to  the  primitive  circle.  A 

Then  another  diam,  ab,  drawn  at  right  angles  to 
e,  will  be  the  great  circle  required.         (400,  395) 

i  443.  Case  3.  IVhen  the  given  pole  P  is  neither  in 
\  >e  centre  or  circumference  of  the  primitive  circle. 

Const.  Thro'  p  draw  a  diameter  bdt  and  another  BE  at  right  an* 
I les  to  b  d\  then  a  ruler  by  e  and  p  gives  p. 

> 

j 

;  Make  the  arc  p  a  =  90" ;  a  ruler  by  e  and  a  gives 

in  the  diam.  bd. 

i  Make  the  arc  p  d  =  arc  p  b  ;  a  ruler  on  E  and  d 
ives  c  in  db  produced. 

Then  on  c  with  the  radius  c  a  defcribe  b  a  E. 
1  For,  As  e  is  the  projecting  point,  and  p  the  pro- 
ved pole; 

Therefore  p  is  the  pole  of  the  circle  a f  to  be  projected. 

And  b  a  e  is  the  projection  of  the  circle  af. 

Now  L.  c  a  e  is  meafured  by  half  the  arc  a  dE. 
\  But  arc  ABD  =  arc  a^e:    For  Ap—  (b'«?— J  dR'9  and  pD  ==  a  d 
y  conft. 

Therefore  L.  aec  =  L.  c  a  E  ;  and  ce  —  c  #♦  (J94) 

Confequently  c  is  the  centre  required. 


444. 
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444.  'PROBLEM    III. 

A  projected  circle  being  given,  to  find  its  poles. 

Case  i.  When  the  given  circle  aeb  is  the  primi- 
tive. 

"-}-« IB        Const.  Find  the  centre  c,  (161)  and  it  is  the, 

pole  fought. 

Case  2.  When  the  given  circle  acb  is  a  rhbll 
E  •    7  °  ^    s 

:— -~_  circle.  1 

Const.  Draw  a  diameter  ed  at  right  angles  fc 

Ji[ ?--- |g    ab,  and  the  ends  or  points  d,  e,  of  that  diametej 

are  the  poles  required. 

445.  Case  3.  When  the  given  circle  abe  is  oblique 

Const.  Thro'  the  interferons  of  the  primitiv< 
and  oblique  circles  draw  a  diameter  ae,  and  anotheij 
L..3  at  right  angles  to  ae,  cutting  the  given  obHque  cir- 
cle in  b. 
T  A  ruler  by  e  and  b  gives  b-t  make  b  p,  bq,  eacl 

K  =  chord  of  go*. 

A  ruler  by  e  and  p  gives,  in  the  diameter  thro'  b,  the  point  p,  whicl 
is  the  pole  required. 

And  a  ruler  by  e  and  q  gives,  in  cb  continued,  the  point  o^for  thi 
other,  or  oppofite.or  exterior  pole. 

Make  p  d  —p  A  ;  then  a  ruler  by  e   and  D  gives,  in  bc  continued, 
the  point  f  which  is  the  centre  of  the  oblique  circle  abe. 

The  reafon  of  this  operation  is  evident  from  that  of  the  Iaft  Prob. 
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PROBLEM    IV. 


To  meafure  any  arc  of  a  projected  great  circle :  Or  in  a  given  projeSlei 
great  circle  to  take  an  arc  of  a  given  number  of  degrees. 

General  Solution.  Find  the  pole  of  the  given  circle.  (444, 

From  that  pole  draw  lines  thro'  the  ends  of  the  propofed  arc,  cutting 
the  primitive  circle. 

Then  the  intercepted  arc  of  the  primitive  circle  applied  to  the  fcale  ©: 
chords  will  give  the  meafure  fought. 

Thus,  If  ab  be  the  arc  to  be  meafured,  and  p  the  pole  of  the  giver 
circle  daf. 

Then  lines  drawn  from  p  thro'  a  and  b,  gives  the  arc  ab  in  the  pri- 
mitive circle,  correfponding  to  ab  in  the  projected  circle. 
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Now  If  an  arc  of  a  given  number  of  degrees  was 
to  be  taken  from  a  given  point  a,  in  the  given  pro- 
jected circle  dAf. 

Draw  from  the  pole  P  thro'  A,  the  line  p  a  to  the 
primitive  circle. 

Apply  the  given  number  of  degrees  from  a  to  b. 

Draw  pi,  and  the  intercepted  arc  ab  will  contain 
the  degrees  propofed. 

447.  Any  number  of  degrees  are  readily  applied 
to  a  right  circle  by  the  fcale  of  half  tangents.  Thus, 

When  the  diftance  of  the  point  A  from  the  centre 
C  is  known,  and  the  given  quantity  of  the  arc  is  to  be 
■laid  from  a  towards  f. 

To  the  known  diftance  CA  add  the  propofed  arc 
ab,  the  degrees  in  the  fum  taken  from  the  fcale  of 
!  half  tangents  and  laid  from  c  to  b,  will  make  the  arc 
ab  equal  to  the  degrees  propofed. 

But  when  the  arc  ab  is  to  be  laid  from  a  to- 
wards D, 

Then  the  difference  between  the  arcs  ab  and  ac 
aken  from  the  fcale  of  half  tangents  and  laid  towards 
;  d  from  c  to  b  will  make  the  arc  ab  equal  to  the  de- 
crees propofed. 

The  reafon  of  all  thefe  operations  is  evident 
rom  art.  437. 

Note.  The  half,  or  femi-tangents  are  only  the  tangents  of  half  the 
ires  the  fcale  ©f  tangents  is  made  to ;  their  confhudHon  depends  on  art.  428. 
On  the  plane  fcale  they  are  put  under  the  Tangents,  and  marked  s.  f . 
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PROBLEM    V. 

To  meafure  any  projected  fpherical  angle. 


General  Solution.  Find  the  poles  of  the  two  circles  which  form 
he  angle;  and  from  the  angular  po.int  draw  lines  thro'  thofe  poles  to  cut 
he  primitive  circle. 

Then  the  meafure  of  that  angle,  if  acute,  will  be.  the  intercepted  arc^ 
f  the  primitive  circle  ;  or  the  fupplement  of  that  arc  will  be  the  mea- 
ure  of  the  angle  when  obtufe. 


Let  the  propofed  angle  be  dab,  formed  by  the  great  circles  ad,  ab, 
hofe  poles  are  c  and  p  ;  and  lines  drawn  from  the  angular  point  a  thro' 
is  pojes  c  and  p  cut  the  primitive  circle  in  e  an  i  p. 

S  ift. 
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iff.  When  the  angle  is  formed  by  the  primitive  and  oblique  circles. 

Then  the  arc  p  e  meafures  the  acute  angle  dab. 

But  the  obtufe  angle  baf  is  meafured  by  the  fuppl.  of  p  E. 

2d.  When  the  angle  is  formed  by  right  and  oblique  circles  meeting  in 
tfoe  primitive's  circumference. 

Then  the  arc  p  e  meafures  the  angle  dab. 

3d  When  the  angle  is  formed  by  right  and  oblique  circles  meeting 
within  the  primitive  circle. 

Then  the  arc  p  e  meafures  the  acute  angle  dab. 

But  the  obtufe  angle  daf  is  meafured  by  the  fupplement  of  p  E. 

4th.  When  the  angle  is  formed  by  two  oblique  circles  meeting  within 
the  primitive  circle. 

Then  the  acute  angle  dab  is  meafured  by  the  arc  p  E. 

But  the  fupplement  of  p  E  meafures  the  obtufe  angle  daf. 

For,  As  the  angular  point  a  is  in  both  circles,  and  900  diftant  from 
their  poles  c  and  p  (399).  Therefore  a  great  circle  defcribed  about  a  as 
a  pole,  will  pafs  thro'  the  poles  c  and  p. 

And  lines  drawn  from  a  thro'  c  and  b,  cut  off,  in  the  circumference  of 
the  plane  of  projection,  an  arc  equal  to  the  diitance  of  the  poles  c 
and  p.  ■  (437) 

But  the  meafure  of  the  diilance  of  the  poles  c,  p,  is  equal  to  the  in- 
clination of  the  planes  of  the  circles  ad,  ab  ;  (4J3') 

And  confequently  meafures  the  angle  dab. 
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PROBLEM    VI. 


Tlvo*  a  given  point  in  any  projecled  great  circle,  to  defcribe  another  great) 
circle  at  right  angles  to  the  given  one. 


General  Solution.  Find  the  pole  of  the  given 
circle. 
^       Then  a  great  circle  defcribed  thro'  that  pole  and  the 
given  point  will  be  at  right  angles  to  the  given  circle. 
Let  the  given  projected  great  circle  be  bad  ;  and 
a  the  given  point. 


iff.  T0jen  bad  is  the  primitive  circle  whofe  pole  is  P 
A  diam.  thro'  a  will  beperpendiculartoBAD.  (219 

2d.  JVloen  bad  is  a  right  circle,  whofe  poles  are  I 
and  c. 

An  oblique  circle  defcribed  thro'  the  points  C,  A 
p,  (163)  will  be  at  right  angles  to  bad. 

3d.  When  bad  is  an  oblique  circle,  whofe  pole  is  p. 

Thro'  the  points  p  and  a,  a  great  circle  pac  bein; 
defcribed  (441)  will  be  at  right  angles  to  bad. 

The  truth  of  thefe  operations  are  evident  fron 
art.  414. 
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45o.  PROBLE  M    VII. 

Thro*  any  ajjigned  point  in  a  given  projected  great  circle,  to  defcribe  another 
great  circle  tutting  the  former  in  an  angle  of  a  given  number  of  degrees. 
Let  p  be  a  given  point  in  any  great  circle  apb. 

I  ft.  JVhen  APB  is  the  primitive  circle. 

Thro'  the  given  point  p  draw  a  diameter  pe,  and 
draw  the  diameter  ab  at  right  angles  to  pe. 

Draw  pd  cutting  ab  in  d,  fo  that  the  angle  cpd 
be  equal  to  the  angle  propofed.  A{ 

On  d  with  the  radius  dp  defcribe  the  great  circle 

PFE, 

Then  will  the  angle  apf  contain  the  given  de- 


grees. 


(429) 


For  the  Z.  FPA  =  angle  made  by  the  radii  pc,  pd. 

And  D  being  equally  diftant  from  p  and  e,  is  the  centre  fought. 

451.  Or  thus.  Make  cd  equal  to  the  tangent  of  the  given  angle  to  the 
radius  cp. 

Or.  Make  pd  equal  to  the  fecant  of  that  angle. 

452.  2d,  IVhen  apb  is  a  right  circle. 
Draw  a  diameter  gh  at  right  angles  to  apb. 

Then  a  ruler  by  g  and  p  gives  a  in  the  primitive  circle. 

Make  ub—2Aa',  a  ruler  by  g  and  b  gives  c  in  ab. 

Draw  cd  at  right  angles  to  ab. 

Draw  pd  cutting  cd  in  d,  fo  that  the  z_cpd  —  comp.  of  the  deg. 

given.         ':  ^  (175) 

On  d  with  the  radius  dp  defcribe  a  circle  fpe  ;  which  will  be  a  great 

circle  making  with  apb  the  angle  apf  as  required. 

For,  c  is  the  centre  of  a  great  circle  gph.  (445) 

And  the  centres  of  all  great  circles  thro'  p,  will  be  in  cd,  (435) 

Now  L.  dpe  =  90*.  (2I9) 

Therefore  L.  apf  =  z.  bpe  (406)  =  comp.  cpd  is  the  angle  fought. 

453.  3d.  IVhen  apb  is  an  oblique  circle. 
From  the  given  point  p,  draw  the  lines  pg,  Pc, 

thro'  the  centres  of  the  primitive  and  given  oblique 
circles.  , 

Thro'  c  the  centre  of  apb  draw  cd  at  right  angles  J^ 
to  pg.  (150) 

Draw  pd,  making  the  Z.  cpd  =:  given  deg.  and 
cutting  cd  in  d.  {lis) 

From  d  with  the  radius  dp,  a  circle  fpe  being 
defcribed  will  be  a  great  circle  cutting  apb  in  the  an- 
gle propofed. 

For,  c  the  centre  of  apd,  is  in  a  line  perpendi- 
cular to  pg  drawn  thro'  p  and  the  centre  of  the  pri- 
mitive, by  conftrucrJon. 

And  the  centres  of  all  great  circles  thro'  P  will  be 
in  cd.  (435) 

Now  the  Z.  cpd  made  by  the  radii  pc,  pd,  contains  the  given  degrees. 


Therefore,  the  angle  apf  is  equal  to  the  angle  required. 

S  2 


(429) 
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About  any  given  projeSfed pole,  to  defcribe  a  circle  at  a  given  difance  from 
bat  pole. 

Or,  at  a  propofed  diflance  from  a  given  great  circle,  to  defcribe  a  parallel 
circle. 

Let  p  be  the  given  pole,  belonging  to  the  given  great  circle  dfe. 


General  Solution.  Thro'  the  given  pole  p 
and  the  centre  c  of  the  primitive  circle,  draw  a  dia- 
meter, and  another  de  at  right  angles  to  it. 

A  ruler  on  e  and  p  gives  p  in  the  primitive  circle. 

Make  p  a  =zp  b,  equal  to  the  propofed  diftance 
from  the  pole. 

A  ruler  on  e  and  a,  e  and  b,  will  cut  the  diame- 
ter cp  in  a  and  b. 

Bifect  ab  in  c;  and  on  c  as  a  centre  defcribe  a 
circle  palling  thro'  a  and  b,  which  will  be  the  circle 
required. 

But  when  the  parallel  circle  is  to  be  at  a  propofed 
diftance  from  the  given  great  circle  dfe. 

Find  p  as  before  j  and  make  p  a  —p  b  equal  to  the 
complement  of  the  propofed  diftance  j  the  reft  as 
above. 

For  p  is  the  pole  whofe  projection  is  p.       (424) 

But  p  is  the  pole  of  a  circle  whofe  diameter  ab  is 
projected  in  ab.  (402)' 

Therefore  c,  the  middle  of  a  b,  is  the  centre  of: 
the  projected  circle.  (4*9) 


455.  The  firft  cafe  is  readily  done,  by  defcribing  the  fmall  circle  about 
the  centre  of  the  primitive  circle  with  the  tangent  of  half  its  diftance  fror 
the  pole  P. 

456.  The  fecond  cafe  is  fooneft  performed  thus. 

From  the  points  a,  b,  (found  as  above),  with  the  tangent  of  then  H 
diftance,  from  p  the  pole  of  the  right  circle,  defcribe  arcs  cutting  in  f.P 
which  is  the  centre  of  a  fmall  circle  parallel  to  the  right  circle  dfe; 

For  A~p  is  the  tangent  of  the  arc  ap.  (43^ 
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45:..  PROBLEM    IX. 

The  primitive  circle ',  and  the  projection  of  a  J mall  circle  being  given  j  to  find 
the  pole  of  that  fmall  circle. 


Let  c  be  the  centre  of  the  primitive  circle,  and  abd  a  projected  fmall 

I  circle,  whofe  centre  is  c,  and  radius  cb. 
General  Solution.  Thro'  c  the  centre  of  the  fmall  circle  and  c  the 
centre  of  the  primitive,  draw  a  diameter  cf,  and  another  ce  at  right  an 
gles  to  it. 

Find  the  projected  diameter  e  h  —  2  c  b. 

Lines  drawn  from  e  thro'  b  and  by  cut  the  primitive  circle  in  a%  </; 
then  bifect  the  arc  a  din  p. 

A  ruler  by  e  zndp  cuts  the  diameter  b  b  in  p,  the  pole  fought. 
The  truth  of  this  conftruction  is  evident  from  the  laft.' 


458. 


PROBLEM    X. 


Thro"  any  point  In  the  plane  ofprojecllon,  or  primitive  circle,  to  defcrlbe  a 
great  circle  that  Jhall  cut  a  given  great  circle  in  any  angle  propofed  :  Provided 
the  meafure  of  that  propofed  angle  Is  ?ioi  lefs  than  the  diflance  between  the 
given  point  and  circle. 


Let  the  given  point  be  a,  thro'  which  a  circle  is  to 
be  defcribed  to  cut  a  given  great  circle  bdc,  whofe 
pole  is  p,  in  an  angle  equal  to  a  propofed  number  of 
degrees. 

General  Solution.  About  the  given  point  (a) 
as  a  pole,  defcribe  a  great  circle  egf.  (442) 

About  (r)  the  pole  of  the  given  circle  bdc,  de- 
fcribe a  fmall  circle  at  a  diftance  equal  to  the  given 
angle,  cutting  the  great  circle  egf  in  g.  (454) 

About  the  point  g  as  a  pole,  defcribe  a  great  circle  cutting  the  given 
circle  bdc  in  d.     Then  will  adc  be  the  angle  required. 
■  1  Note. 
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Note.  When  the  given  angle  is  equal  to  the  diftance  between  the  given 
point  and  circle,  the  problem  is  limited ;  when  the  meafure  of  the  angle 
is  greater,  the  problem  has  two  folutions  by  the  circle  defcribed  cutting 
the  given  one  in  two  points :  But  when  the  meafure  of  the  angle  is  lefs, 
the  problem  is  impoflible.     This  conftru&ion  is  thus  proved. 

,For  p  and  g  are  the  poles  of  bc  and  ad. 

And  the  diftance  of  P  and  g   is  equal  to  the  degrees   in  the  propofed    I 
angle,  by  con{lru6lion.     But  Z.  ADC  r=diftance  of  P  and  g.  (4i3)  I 

Therefore  the  /_  adc  is  the  angle  required. 

459.  When  the  required  circle  is  to  make  a  given  angle  with  the  pri-  I 
mhive.  I 

1 

Then,  From  the  centre  of  the  primitive,  with  the  tang,  of  the  given  >J 

angle,  defcribe  an  arc ;  and  from  the  given  point  a,  with  the  fecant  of  ■ 
the  given  angle,  cut  the  former  arc. 

On  this  interfecYion,  a  circle  being  defcribed  thro'  the  given  point  A, 
will  cut  the  primitive  circle  in  the  angle  propofed. 

This  depends  on  art.  451. 
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PROBLEM    XI. 


Any  great  circle,  cutting  the  primitive,  being  given;  to  defcribe  another 
great  circle,  which  jhall  cut  the  given  one  in  a  propofed  angle,  and  have  a 
given  arc  intercepted  between  the  primitive  and  given  circles. 

Let  abc  be  the  primitive  circle  whofe  centre  is  p  ;  and  the  given  great 
circle  be  adc  whofe  centre  is  e. 

Solution.  Draw  a  diameter  ebd  at  right  angles  I  '"•• 
to  adc  ;  and  make  the  angle  bdf  equal  to  the  com-  ! 
plement  of  the   given  angle;    fuppofe  =  comp.  of;/ 

Make  df  equal  to  the  tangent  of  the  given  arc  *} 
(fuppofe  58*) ;  and  from  p  with  the  fecant  of  that 
arc,  defcribe  an  arc  Gg. 

Now  when  adc  is  an  oblique  circle ;  From  e  the  Ujj? 
centre  of  adc,  with  the  radius  ef,  cut  the  arc  Gg 
in  g. 

But  when  adc  is  a  right  circle;  Thro'  f  draw 
FG  parallel  to  adc  cutting  the  arc  Gg  in  c  :  The 
centre  E  of  adc  being  vaftly  diftant. 

From  g,  with  the  tangent  df,  defcribe  an  arc  no, 
cutting  adc  in  1  ;  and  draw  gi. 

Thro'  g  and  the  centre  p  draw  gk,  cutting  the  primitive  circle  ir 
h,  k  ;  draw  pl  perpendicular  to  gk  5  and  il  at  right  angles  to  ig. 
cutting  pl  in  l. 
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And  L  will  be  the  centre  of  a  circle  pafllng  thro'  h,  i,  k,  which 
will  be  the  great  circle  required. 

Then  theZ.  aih  =  350  ;  and  arc  ihz=  580,  as  was  propofed. 
For  gp  is  the  fecant,  and  gi  is  the  tang,  of  the  arc  hi.  (439) 

And  as  the  triangles  egi,    efd,    are  congruous  ;    the  L.  eig  ==  /L 

;fDF.  (l9i) 

But  the  L.  eig  made  by  the  tangent  of  the  arc  hi  and  the  radius  of 
Urc  ai,  is  the  complement  of  the  angle  made  by  thole  arcs.  (429) 

Confequently  the  Z~aih    is   the  complement  of  L.  edf. 
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PROBLEM    XIL 


Any  great  circle  in  the  plane  of  projeSiion  being  given ;  to  defcribe  another 
Teat  circle j  which  /hall  make  given  angles  zvith  the  primitive  and  given 
ircles. 

Let  the  given  great  circle  be  adc,  whofe  pole  is  cj. 


Solution.  About  p  the  pole  of  the  primitive  cir- 
le,  defcribe  an  arc  m  n,  at  the  diftance  of  as  many 
egrees,  as  are  in  the  angle  which  the  required  circle  q 
>  to  make  with  the  primitive.  Suppofc  62V  (455) 
:  About  O^the  pole  of  the  other  given  circle,  and  at 
diftance  equal  to  the  meafure  of  the  angle  which 
he  required  circle  is  to  make  with  the  given  circle 
iiDC  (fuppofe  480),  defcribe  an  arc  eny  cutting  mn 
ti».  .      (456) 

About  n  as  a  pole,  defcribe  the  great  circle  edf, 
utting  the  given  circles  in  e  and  d.  (442) 

Then  is  the  angle  aed  =  62"  ;  and  Z.  ade  =48°. 

For  the  diftance  of  the  poles  of  any  two  great 
ircles,  is  equal  to  the  angle  which  thofe  circles  make 
vith  one  another.  (4*3) 
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SECTION    IV. 
SPHERICAL    TRIGONOMETRY. 

Definitiins  and  Principles. 


462.  I.  Spheric  Trigonometry  is  the  art  of  computing  the  meafures  of  i 
the  fides  and  angles  of  fuch  triangles  as  are  formed  on  the  furface  of  a  I 
fphere,  by  the  mutual  interfe&ions  of  three  great  circles  defcribed  thereon. 

463.  II.  A  fpheric  triangle  confifts  of  three  fides  and  three  angles. 

The  meafures  of  unknown  fides  or  angles  of  fpheric  triangles,  are  it 
cftimated  by  the  relations  between  the  fines,  or  the  tangents,  or  the  fe- 1 
cants,  of  the  fides  or  angles  known,  and  of  thofe  that  are  unknown. 

464.  III.  A  right  angled  fpheric  triangle  has  one  right  angle :  The  fides 
about  the  right  angle  are  called  Legs  j  and  the  fide  oppofitc  to  the  right ., 
angle  is  called  the  Hypothenufe. 

465.  IV.  A  Quadrantal  fpheric  triangle  has  one  fide  equal  to  ninety  i 
degrees. 

466.  V.  An  Oblique  fpheric  triangle  has  all  its  angles  oblique. 

467.  VI.  The  circultr  parts  of  a  triangle,  are  the  arcs  which  meafurc 
its  fides  and  angles. 

468.  VII.  Two  fpheric  triangles  are  faid  to  be  fupplements  to  one  an^ 
other,  when  the  fides  and  angles  of  the  one  are  refpeilive  fupplements  ol 
the  angles  and  fides  of  the  other ;  And  one,  in  regard  to  the  other,  is 
called  the  fupplemental  triangle. 

469.  VIII.  Two  arcs  or  angles,  when  compared  together,  are  faid  to 
be  alike,  or  of  the  fame  kind,  when  both  are  acute,  or  lefs  than  900,  oil 
when  both  are  obtufe,  or  greater  than  900  :  But  when  one  is  greater  and 
the  other  lefs  than  90",  they  are  faid  to  be  unlike. 

The  leffer  circles  of  the  fphere  do  not  enter  into  Trigonometrical  com- 
putations, becaufe  of  the  diverfiry  of  their  radii. 
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SECTION    V. 
SPHERICAL     THEOREMS. 

L70.  THEOREM    I. 

In  every  fph eric  triangle  (abc),  equal  angles  (b,  c)  are  oppofite  to  equal 
$des  (AC,  ab)  :  And  equal  fides  (ab,  ac)    are   oppofite  to  equal  angles 

;c,  b).  _ 

|Oem.  Since  ab  —  ac,  make  ae  =  ad;  and  draw 
3D,  ce.  \ 

Thenis  bd=  ce;  and  Z_  aec=:  Z_  adb.      (407) 
"or  the  triangles  aec,  adb,  are  congruous, 
•Since  ab  —  AC  ;  ad  =  ae;  Z.  A  common. 
Alio,  the  triangles  bec,  cdb,  are  congruous  (407). 
I  Therefore  Z_  ebc  — Z_  dcb. 

irOr  EC  =3  BD;    EBzn  (AB  -  AE— )  DC  (—  AC  —  AD). 

\.m.  L.  BEC  =  (fup.  Z_  AEC  =2)  Z.  CDB  (=  fup.  Z.  adb). 

^.gain,  if  Z.  abc  ==  Z_  acb  :  Then  is  ab  =:-a;c; 
Vor  take  be  =  cd;  and  defcribe  the  ares  ce,  bd. 
[["hen  is  ec  =  db  ;  z_bec  — z_cdb;  z_  bce  z=  Z.  ced.  (4°7) 

yf'or  A  *  bce  =  A  cbd  ;  fince  bc  is  common,  be  =  cd,  Z.ebc  =  Z_dcb. 

ilfo  the  triangles  abd,  ace,  are  congruous. 
fainceEC  r=  bd,  z_ace=:  (z.bca-bce— )  (i39)z_abd  (=Z_cba  —  cbt>). 

.nd  Z.AEC  —  (fup.  Z_  bec=)  Z_  adb  ('=  fup.  z.  cdb.)  (139) 

[therefore  ae  =:  ad  j  and  ab  —  (ae-|-eb  =)  ac  {==.  ad-J-dc).  (138) 

471.  Cor.  A  line  drawn  from  the  vertex  of  an  ifofceles  fpheric  tria- 
ngle perpendicular  to  the  bafe,  will  bife£f.  that  bafe. 
This  is  eafily  proved  from  art.  470,  407. 

72.  THEOREM    II. 

'  Either  fide  of  a  fpheric  triangle  is  lefs  than  the  f urn  of  the  other  two  fides. 

i|>EM.  For  on  the  furface  of  a  fphere,  the  fhorteft  diftance  between  two 
)ints,  is  an  arc  of  a  great  circle  paffingthro'  thofe  points.  (404). 

,  But  each  fide  of  a  fpheric  triangle  is  an  arc  of  a  great  circle.  (390) 

.  Therefore  either  fide  being  the  fhorteft  diftance  between  its  extremities,, 
lefs  than  the  fum  of  the  other  two  fides. 

7-3.  THEORE  M    III. 

Each  fide  of  a  fpheric  triangle  is  lefs  than  a  femi circle,  or  180  degrees.- 

em.  Two  great  circles  interfecr.  each  other  twice  at  the  diftance  of  180 
'grees.  (412) 

The  fides  about  any  fpheric  angle  are  the  arcs  of  two  great  circles.  (390) 

But  a  fpheric  triangle  has  three  fides. 

Therefore  every  two  fides  before  their  fecond  meeting  muft  be  inten- 
ded by' the  third  fide. 

Confrfjuently  each  fide  is  lefs  than  a  fpmicircle. 


*  The  mark  A   fends  for  the  word  triable. 
--.    ,  ,  T 
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474.  THEOREM 

In  ivtry  fpheric  triangle  (abc)  the  greatejl  flit  (*c)  is  oppofitt  it  iht 
greatejl  angle  (a). 

Dem.  Make  /.bad  =  Z.abc. 
Then  ad  =  bd  (470) ;  and  bc  =  ad  <\>  DC» 
But  ad  -f-  Dc  «s  greater  than  ac.  (47*) 

y  Therefore  bc  is  greater  than  ac, 

T  H  E  O  R  E  M    V. 

If  from  the  three  angles  of  a  fpherk  triangle  (Abc),  as  poles,  be  de- 
fcribed  three  arcs  of  great  circles,  forming  another  fpheric  triangle  (now) ; 
then  wiH  the  fides  of  the  latter,  and  the  oppofte  angles  of  the  former,  be  tbt 
fupplements  of  one  another  :  Alfo  the  angles  in  the  latter,  and  their  oppo/iU 
fides  in  the  former,  are  the  fupplements  of  one  another. 

That  is,  fe  and  /.cab,  fd  and  jl  abc,  Dl 
and  L.  acb,  are  fupplements  to  one  another. 

Alfo  Z.K  and  ac,  /_d  and  cb,  z.f  and  ab, 
are  the  fupplements  to  one  another. 
Dem.  Now  e,  the  interferons  of  the  arcs  about 
the  poles  a  and  c,  being  90°  diftant  from  them,  1 
is  the  pole  of  the  arc  ac.  (399) 

And  for  the  fame  reafon,  d  is  the  pole  of  cb,  and  \ 
F  of  AB. 
Let  the  fides  of  the  triangle  abc  be  produced  to  meet  the  fides  of  I 
the  triangle  def,  in  G  and  H,  I  and  L,  M  and  n. 

Then  fi  =  dl  =  90*:  Therefore  (dl  -f-  fi  =  dl  -f  r*  +  LI  —) 
r»F  -f-  li  =  180*. 

Therefore  df  and  li  are  fupplements  to  one  another. 
But  li  meafurcs  the  angle  abc.  (389) 

Therefore  JL  abc  and  df  are  the  fupplements  of  one  another. 
And  in  the  fame  manner  it  may  be  demonftrated,  that  the  Z.  BAC  i 
and  fe,  L.  acb  and  de,  are  the  fupplements  of  one  another. 

Again,  fince  bi  ==  ah  =3  90  degrees.  (399) 

Therefore  (ib  -f-  ah  =  IB  +  bh  -J-  AB  =)  IH  -f-  ab  —  180  degree* 
But  ih  meafures  the  angle  F.  ,  (389 \ 

Therefore  ab  and  L.v  are  the  fupplements  of  one  another. 
And  the  fame  may  be  {hewn  of  ac  and  z.  E,  cb  and  Z.D. 

476.  THEOREM    VI. 

The  fum  of  the  three  fides  of  every  fpheric  triangle  (abc)  is  lefs  that 
a  circumference,  or  360  degrees. 

Dem.  Continue  the  fides  ac,  ab,  till  they  mee 
in  d. 

Then  the  arcs  acd,  abd,  are  each  l8o*.    (4.H 
But  dc  -f-  db  is  greater  than  bc  (47a. 

Therefore  ac  -f-  ab  -{-  dc  -f-  db  is  greater  thai 
ac  -f-  ab  -f-  bc. 

Or  the  femicircles  acd  -f*  abd  is  greater  than  Ac-f-  ab  -J-  bc« 
That  is,  360*  is  greater  than  the  three  iidei  of  the  triangle  abc. 
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477.  THEOREM    VII. 

The  fum  tf  the  three  angles  of  a  fpberic  triangle  (abc)  is  greater  than 
two  right  angles,  and  lefs  than  fix  \  or  will  always  fall  between  i8c#  and 
$40  degrees. 

Dim.  Since  Z.  a  and  ri,  z.  1  and  pd,  £  c  and 
dk,  are  fupplements  to  one  another.  (475) 

Therefore  the  three  angles  a,  b,  c,  together  with 
the  three  fides  f i,  f d,  d e,  make  thrice  1 80%  or  540*. 

Now  the  Aim  of  the  three  fides  fe  -f-  *D  -r*  DE 
is  lefs  than  twice  i8o#.  (47^) 

Therefore  the  fum  of  the  three  angles  A-f-B-j-c* 
is  greater  than  180*. 

Again,  As  a  fpheric  angle  is  ever  lefs  than  180*. 

Therefore  the  fum  of  any  three  fpheric  angles  is  ever  lefs  than  thrice 
180*,  or  540  degrees. 


(405) 


478.  THEOREM    VIII. 

If  one  fide  (ab)  of  a  fpheric  triangle  (abc)  be  produced,  then  the  out' 
ward  angle  (cbd)  is  either  equal  to,  lefs,  or  greater  than,  the  inward  oppo- 
se angle  (a)  adjacent  to  that  fide ;  according  as  the  fum  of  the  other  two  fides 
(ca  ■+•  cb)  is  equal  to,  greater,  or  lefs  than,  180  degrees. 

Dim.  Produce  AC,  ab,  to  meet  in  d. 

Then  acd=sabd  =  i8o8  (412).    Andz.D  = 
LA.  (411) 

Now  if  ac-J-cb  is  equal  toi8o*;  thcncB=CD. 
And  Z.  cbd  =  (z.  d  =)  Z.  a.  (47°)  ** 

If  ac-j-cb  is  greater  than  180*  ;   then  cb  is 
greater  than  ct>. 

And  Z.CBD  is  lefs  than  (Z.d=)  Z.a.  (474) 

1    If  ac  -J-  cb  is  lefs  than  i8o#  j  then  cb  is  lefs  than  CD. 
And  Z-CBD  is  greater  than  (z.  d  ==)  z.  a.  (474) 

479.  .T.HE  °  REM    IX. 

In  right  angled  fpheric  triangles,  the  oblique  angles  and  their  oppojite  fides 
are  of  the  fame  kind:  That  is,  if  a  leg  is  lefs  or  greater  than  9c0,  its 
tppofite  angle  is  alfo  lefs  or  greater  than  90*. 

In  the  right  angled  fpheric  triangle  abc,  right 
angled  at  a. 

\    If  ac  is  greater  than  90* ;  then  z_abc  is  greater 
than  9©#. 
\    If  ac  is  left  than  90* ;  then  Z.  abc  is  lefs  than  90*. 

Dem.    Let  the  leg  ac  be  lefs,  ad  equal,  ac 
greater,  than  90%  and  defcribe  the  arc  db. 
!    Now  d  being  the  pole  of  ab  (417).     Therefore 
Z.  DBA  is  right. 

Consequently  if  ac  is  lefs  than  ad,  the  Z_cba  is  lefs  than  Z.dba. 

But  if  ac  is  greater  than  ad,  the  Z_cba  is  greater  than  Z_dba. 

And  the  fame  may  be  proved  of  the  leg  ab  aad  its  oppofitc  angle. 

T  t  480. 
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48o.  THEOREM    X.  .; 

■   /;;  right  angled  fpheric  triangles  (bac),   the  hypothenufe   (bc)   is  lefs  than 
90s  tvbcn  the   h'gs  (ab,    ac)  are  of  a  like  kind:    But   the  hypothenufe   it  \ 
greater  than  90%  when  the  legs  are  of  different  kinds. 

.  48 1 .  When  the  legs  ab,  ac,  are  both  lefs  than  90°, 
~£  \        'Dem.  In  ba,  ac  produced,  take  bd,  af,   equal  to  j 
;  \        quadrants  5  thro'  F  and  d  defcribe  an  arc  fd  meeting 
bc  produced  in  E. 

Now  f  being  the  pole  of  bd  (399).     Therefore  B 
is  the  pole  of-  fd. 

Confequently  bc  is  lefs  than  (be  — )  90". 

482. When  the  legs  ab,ac,  are  both  greater  than  9 o°.  ' 
i  Produce  ac,  ab,  till  they  meet  in  D. 

Now  the  hypothenufe  cb  is  common  to  both  the 
right  angled  triangles  bac  and  bdc. 
.    And  the  legs  dc,  db,  being  both  lefs  than  9®0. 

Therefore  the  hypothenufe  bc  is  lefs  than  900,  by« 
art.  481. 

483.  When  the  legs  ab,  ac,  are  one  greater,  the  'i 
other  lefs  than  900. 

In  ab,  and  ac  produced,  take  bd,  af,  each  of  I 
900,  and  defcribe  the  arc  fed. 
Then  b  is  the  pole  of  fd  ;  fince  f  is  the  pole  of  b  A,  I 
and  fd  is  at  right  angles  to  bd.     Theref.  be  =  900.  cl 

(4I7]| 
Confequently  BC  is  greater  than  90  degrees. 

,    484.  Corol.  I.  "The  hypothenufe  is  lefs.  or  greater  than  90*,  accord-B 
ing  as  the  oblique  angles  are  of  a  like,  or  of  different  kinds. 

For  if  legs  are  like,  or  unlike,  the  angles  are  like,  or  unlike.     (479)  j 
And  if  legs  are  like,  or  unlike,  the  hypoth.  is  acute,  or  obtufe.   (48o}8 
Therefore  if  the  angles  are  like,  or  unlike,  the  hypothenufe  is  acuteJ 
.or  obtufe. 

485.  Corol.  II.  The  legs  and  their  adjacent  angles  are  like,  or  un-M 
like,  as  the  hypothenufe  is  lefs  or  greater  than  90  degrees. 

For  like  legs,  or  like  angles,  make  the  hypoth.  acute.  '     (481,  482)  8 
And  unlike  legs,  or  unlike  angles,  make  the  hypoth.  obtufe.    (483,  484} 

486.  Corol.  III.  A  leg  and  its  oppofite  angle  are  both  acute,  or 
both  obtuic,  according  as  the  hypothenufe  and  other  leg  are  like,  or 
unlike'. 

This  is  evident  from  the  three  cafes  of  this  Theorem. 


487.  Corol.  IV.  Either  angle  is  acute,  or  obtufe,  as  the  hypothenufe 
an  1  the  other  angle  are  like,  or  unlike. 
This  follows  from  art.  481,  482. 


8. 


SPHERICS. 


141 


4.88.  THEOREM    XL 

In  every  fphcr'ic  triangle  (aec),  if  the  angles  adjacent  to  either  fide  (ab) 
ft  alike,  then  a  perpendicular  (cd)  drawn  to  that  fide  from  the  other  angle, 
mil  fall  within  the  triangle  :  But  the  perpendicular  (cd)  falls  without  the 
vriangle,  when  the  angles  adjacent  to  the  fide  (ab)  it  falls  on  are  unlike. 

Demonst.  Since  in  all  right  angled  triangles  the 
perpendicular  and  its  oppofite  angle  are  of  the  fame 
dnd.  : (479) 

Therefore  the  L.  cad  and  cbd,  are  each  like  cd. 

Now  in  Fig.  1.  the  angles  cad,  cbd,  or  cab, 
;ba,  are  angles  adjacent  to  the  bafe  ab  within  the 
riangle,  and  are  alike. 

■    Therefore  the  perpendicular  falling  between  A 
md  B,  falls  within  the  triangle. 

In  Fig.  2.  the  angles  cad  and  cab  are  the  fup- 
'  >lements  of  each  -other,  and  are  therefore  unlike,  as 
:a  falls  obliquely  on  ab. 

Therefore  Z_cae  is  unlike  to  Z_cba. 

Confequently  the  perpendicular  cd  cannot  fall 
1  ieween  a  and  b  :  Therefore  it  mull  fall  without. 
lSg,  THEOREM    XII. 

If  the  two  leffer  fides  (ca,  cb)  of  a  fphcric  triangle  (abc)  are  of  the  fa?ne 

ind\  then  an  arc  (cd)  dratun  from  their  included  angle  (acb)  perpendicular 

3  the  oppofite  fide  ( A  B),tf  ill  fall  within  the  triangle. 

,    Demonst.  In  ab  take  af  =:  ac  ;    draw  cf, 

nd  ah  at  right  angles  to  cf. 

ThenCH— hf  (471)  are  each  lefs  than  go0.  (473) 

Alfo  take  be  :=BCj  draw  ce,  and  eg  at  right  an- 
gles to  ce. 

Then  CGr=GE  (471)  are  each  lefs  than  90*.  (47 3) 

Now  in  the  right  angled  triangles  fha,  egbj   if  the  hypothenufes  af 
—  ac),  and  be  (—  bc)  are  acute,  or  like  fh  and  eg  ; 

Then  the  angles  afh  and  beg  are  acute,  and  like  ac  and  bc  ;  (486) 

Therefore  the  perpendicular  cd  falls  on  ef,  within  the  triangle.  (488) 

Alfo,  if  the  hypothenufes  af  and  be  are  obtufe,  or  unlike  to  fh 
md   ge; 

Then  the  angles  afh  and  beg  are  obtufe,  and  alfo  like  ca  and  cb.  (486) 

Confequently  the  perpendicular  will  fall  on  ef.  (488) 

Therefore  in  either  cafe  the  perpendicular  falls  within  the  triangle. 

.90.  THEOREM    XIII. 

In  all  right  angled  fpheric  triangles. 

As  fine  hypoth.  :  Rod  :  :  fine  of  a  leg  :  fine  of  its  oppofite  angle. 
91.  And  fine  a  leg  .:  Rad  :  :  tan.  other  leg  :  tan.  of  its  oppofite  angle.  Pi.  I. 

Demonst.  Let  edafg  reprefent  the  eighth  part  of  a  fphere, 
where  the  quadrantal  planes  edfg,  edbc,  are  both, perpendicular  to  the 
}uadrantal  plane  adfb  ;  and  the  quadrantal  plane  adgc  is  perpendicular 
o  the  quadrantal  plane  edfg  ;  and  the  fpheric  triangle  abc  is  right  angled 
it  B,  where  ca  is  the  hypothenufe,  and  ba,  bc,  are  the  legs. 

To  the  arcs  gf,  cb,  draw  the  tangents  hf,  ob,  and  the  fines  cm, 
:i,  on  the  radii  dfj  db  ;  alfo  draw  bl  the  firje  of  the  arc  ab,  and  ck 
:he  fine  of  AC  ;  then  oin  IK  aiid  ol.  N  w 
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Now  HF,  ob,  gm,  ci,  are  all  perpendicular  to  the  plane  adfb. 
And  ho,  gk,  ol,  lie  all  in  the  fame  plane  adgc. 
Alfo  fd,  ik,  bl,  lie  all  in  the  fame  plane  adgc. 
Therefore  the  right   angled  triangles  hfd,  cik,  obl,  having  the 
tqual  angles  hdf,  cki,  olb,  (273)  are  fimilar.  (a5°) 

Therefore         ck  :  dg  : :  ci  :  gm 

That  is,    As  fin.  hyp.    :  Rad  :  :  fin.   of   a   leg  :  fin.  opp.  angle. 
For  gm  is  the  fine  of  the  arc  gf,  which  meafures  the  angle  cab.  (389) 
Alfo,        As     lb  :   df    :  :  bo  :  fh 

That  is,  As  fin.  of  a  leg  :  Rad  ::  tan.  of  other  leg  :  tan.  opp.  angle.   \, 

492.  THEOREM    XIV. 

In  right  angled  fpheric  triangles  (abc)  if  about  the  oblique  angles  (A,  c)| 
as  poles y  at  90*  dtfiance,  there  be  defcribed  arcs  (de,  fe)  cutting  one  another  \ 
(in  e);  and  the  fides  (ab,  Ac,  bc)  of  the  triangle  be  produced  to  cut  thofi 
arcs  (in  d  j  G,  f  j  H,  i),  there  will  be  conjlituted  two  other  triangles  (cgh,  j 
hie)*  whofe  parts  are  either  equal  to,  or  are  the  complements  of  the  parti  1 
if  the  given  one.     PI.  I. 

Demonst.  Nowfince  a  is  the  pole  of  ed  (399).    Therefore  ad,  agI 
are  at  right  angles  to  ed  ;  and  fo  is  ed  to  ad.  (4*7) 

And  fince  bi  and  de  are  at  right  angles  to  ad,  their  interfe&ion  h  is! 
the  pole  of  ad  (416).     Therefore  hb,  hd,  are  quadrants.  (4*5)q 

Then  in  the  triangle  cgh,  right  angled  at  g. 

cg  =  complement  of  ac. 

hg  =  comp.  Z.  a  j  For  hg  is  the  comp.  of  GD,which  (389)  meaf.  AA.'l 

hc  the  hypoth.  is  the  comp.  of  cb. 
The  Z.  hcg  ss  Z.  acb.  (406) 

The  Z.  chg  s=  comp.  ab  j  For  bd  the  comp.  of  ab,  meafures  Z.  chg. 

Alfo  in  the  triangle  eih,  right  angled  at  1 :    Becaufe  cf,  ci  are  all 
right  angles  to  ef  j  and  ef,  eg  being  alfo  at  right  angles  to  af  ;  therefore 
B  is  the  pole  of  af  ;  (416)  confequently  ef  and  eg  arequadrants      (415}  | 

Then  the  hypoth.  ih  ss  z.  a  j  For  gh  =  comp.  of  eh  and  gd  j  an« 
CD  meafures  the  angle  a. 

hi  r=  cb  ;  For  hc  =  comp.  of  hi  and  cb. 

ei  =comp.  Z.C ;  For  ei  =  comp.  of  if,  which  meafures  Z.  c. 
The  Z.  H  =  comp.  ab  ;  For  bd,  the  comp.  of  ab,  meafures  Z.  H. 
The  Z.  E  ss  AC  j  For  GF,  the  meafure  of  z.  e,  is  equal  to  AC 

493.  THEOREM     XV. 
In  every  fphtric  triangle,  it  will  be. 

As  the  fine  of  either  angle,  is  to  the  fine  of  its  eppofite  fide  ; 
So  is  the  fine  $f  another  angle,  to  the  fine  of  its  •ppofite  fide. 

Let  abc  be  a  fpheric  triangle,wherein  bd  is  per 

pendicular  to  ac  produced ;  forming  the  two  righ; 

angled  triangles  adb,  cdb. 

Dem.  Now  fin.  ab  :  rad  : :  fin.  bd  :  fin.z.A.  (490 

And  fin.  bc  :  rad  : :  fin.  bd  :  fin.z.c. 

Therefore  fin.  ab  x  fin.  Z.A  =  rad  x  fin.  bd.  (*+S> 

And  fin.  bc  x  fin.  Z.c  =  rad  x  fin.  bd.  (245, 

Therefore  fin.  ab  x  fin.  Z.A  =  fin.  bc  x  fin.  Z.C.  (137! 

Therefore  fin.  z.a  ;  fin.  bc  ::  fin.  Z.c  :  fin.  ab.  (24°, 
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SECTION     VL 

Of  the  folution  of  right  angled  fpheric  triangles. 

In  every  cafe  of  right  angled  fpheric  triangles,  three  things  befide  the 
radius  enter  the  proportion, whereof  two  are  given,  and  the  third  is  fought. 

Now  the  folution  of  every  cafe  will  be  obtained  by  the  application 
of  the  two  following  rules  to  Theorem  XIII  and  XIV.  (490,  491,  492) 

494.  Rule  I.  If  of  the  three  things  concerned,  or  their  complements, 
i  two  are  oppofite  to  one  another,  and  the  third  is  oppoiite  to  the  right 
ingle,  in  one  of  the  triangles  marked  1,  2,  3,  in  the  fig.  toTheo.  XIV. 
PK  I.  Then  the  thing  fought  will  be  found  by  the  firft  proportion  (490) 
tither  directly,  or  by  inverfion. 

I  495.  Rule  II.  If  of  the  three  things  concerned,  or  their  comple- 
nenti,  two  are  legs,  and  the  third  is  an  oblique  angle,  in  either  of  the 
hree  triangles  marked  1,  2,  3,  in  fig.  to  Theo.  XIV.  PI.  I.  Then  the 
hing  fought  will  be  found  by  the  fecond  proportion  (491),  either  di- 
e£Hy,  or  by  inverfion. 

,96.  PROBLEM    I. 

In  the  right  angled  fpheric  triangle  abc,  Plate  I.  Theorem  XIV. 

Given  f„do^xrB^uMthereft- 

ift.  To  find  the  angle  acb  oppofite  the  given  leg  AB. 

Here  the  things  concerned  are  ac,  z.  b,  ab,  Z.  c ;  which  are  found  in 

ie  triangle  N#  1,  to  be  oppofite ;  and  fo  fall  under  Rule  I.  (494) 

Then  fin.  Ac  :  rad  :  :  fin.   ab  :  fin.  Z.ACB.  (490) 

Or  fin.  hyp.  :  rad  :  :  fin.  g.leg. :  fin.  op.  z..  Like  the  g.  leg.    (479) 

2d.  To  find  the  angle  cab  adjacent  to  the  given  leg  ab. 

Here  the  things  concerned  are  ac,  Z»b,  ab,  Z.  a. 

Now  trying  in  the  triangle  Nf  j,  I  find  the  things  concerned  will 
all  under  neither  of  the  Rules. 

But  trying  in  the  triangle  N#  2,  the  things  concerned,  of  their  com- 
dements,  fall  under  Rule  II.  (495) 

Then  fin.  hg  :  rad  :  :  tan.  gc  :  tan.  ZLchg.  (491) 

Orcof.  Z.CAB  :  rad  :  :  cot.  ac  :  cot.  ab. 

Or  cof.  Z-Cab  :  cot.  ac  : :  (rad  :  cot.  ab)  : :  tan.  ab  :  rad.   (331) 

Therefore  rad  :  cot.  hyp.  :  :  tan.  g.  leg  :  cof.  adj.  angle  (228) 

Like,  or  unlike  the  giv.  leg}  as  the  hyp.  is  acute,  or  obtufe.    (485) 

jd.  To  find  the  other  leg  bc. 
I  Here  the  things  concerned  are  ac,  z.b,  ab,  bc  j  which  in  the  tri- 
!  ngle,  N*  1,  do  not  fall  under  either  Rule :   But  in  N*  2  they  will  be 
;&und  to  fall  under  the  firft  Rule.  (494) 

Then  fin.  hc  :  rad  :  :  fin,  cc  :  fin.z.cHG,  (490) 

Or     cof.  cb  :  rad  :  :  cof.  ac  :  cof.  ab. 

Therefore  cof.  g.  leg(AB)  :  rad  :  :  cof.  hyp.  (ac)  :  cof.  req.  leg.  (cb) 

And  11  acute,  if  hyp.  and  giv.  leg  are  like  :  But  obtufe  if  unlike.  (486) 

497. 
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497.  PROBLEM    IT. 

In  the  right  angled  fpheric  triangle  abc.     PL  I.  Theo.  XIV. 

Given    the   hypothenufe    ac       )  -r,       .     ,  .,        a 
.     ,  rviZ    tr  1      „   >•  Required  the  relt. 

And  one  or  the  oblique  angles  a  )      n 

t 

'  I  ft.  To  find  the  leg  cb  oppofite  the  given  angle  A. 

In  the  triangle,  Ne  1,  the  things  concerned  fall  under  Rule  I.  (494) 
Then  rad  :  fin.  ac  :  :  fin. /.cab  :  fin.  cb.  (49°) 

Or      rad  :  fin.  hyp. :  :  fin.  giv.  angle  :  fin.  opp.  fide. 
And  is  like  the  given  angle.  (479J 

2d.  To  find  the  leg  ab  adjacent  to  the  given  angle  A. 

In  the  triangles,  N*  2  or  3,  the  things  concerned  fall  under  Rule  II.  (495) 
Then  fin.  hg  :  rad  :  :  tan.  cg  :  tan.  Z_c*ig.  (491)  I 

Orcof.  Abac  :  rad  :  :  (cot.  ac  :  cot.  ab  :  :)  tan.  ab  :  tan.  ac.   (332) 
Therefore  rad  :  tan.  ac  :  :  cof.  Z.  bac  :  tan.  ab.  (228)   ; 

Or  rad  :  tan.  hyp.  :  :  cof.  giv.  angle  :  tan.  adjacent  leg. 

And  is  acute,  if  hyp.  and  giv.  angl.are  alike  ;  but  obtufe  if  unlike.  (487)  I 
3d.  To  find  the  other  angle  ACB. 

In  the  triangle,  N°  2,  the  things  concerned  fall  under  Rule  II.      (495)    J 
Then  fin.  cg  :  rad  :  :  tan.  gh  :  tan.  Z.  hcg.  (491) 

Or  cof.  ac  :  rad  :  :  (cot.  Z_bac  :  tan.  z_bca  :  :)  cot.  z.bca  :  tan.Z_BAc.  I 

(332)  I 
Therefore  rad  :  tan.  Z.  bac  :  :  cof.  Ac  :  cot.  z.  bca.  (228)    ; 

Or  rad  :  cof.hypoth.  :  :  tan.  giv.  ang.  :  cot.  req.  angle. 

And  is  acute,  if  hyp.  and  giv.  ang.  are  alike ;  ibut  obtufe  if  unlike.    (487) 

498.  PROBLEM    III. 

In  the  right  angled  fpheric  triangle  abc     PI.  I.  Theo.  XIV. 

Given  one  of  the  legs  ab   ?  Re     ired  the  reft> 

And  is  oppofite  angle  acb  \  .  ■  ;  * 

I  ft.-  To  find  .the  hypatbenufie  Ac 

In  the  triangle,  N°  1,  the  things  concerned  fall  under  Rule  I.      (494)'  \ 

Then  fin.  L  acb  :  fin.  ab  :  :  rad  :  fin.  ac  (49°) 

Or  fin.  giv.  ang.  :  fin.  giv.  leg  :  :  rad  :  fin.  hyp. 

And  is  either  acute  or  obtufe. 

2d.  To  find  the  other  leg  CB. 

In  the  triangle,  N°  1,  the  things  concerned  fall  under  Rule  II.       (495) 

Then  fin.  cb  :  (rad  : :)  tan.  A3  (:  tan.  Z-Acb)  :  :  cot.  Z_acb  :  rad.  (331) 

Or'rad  ;  cot.  giv.  ang.  :  :  tan.  .giv.  leg  :  fin.  req.  leg. 

And.  is  either  acute  or  obtufe. 

I 

.3d.  To  find  the  other  angb  cab,  ■  • 

■In  the  'triangle,  Np  3,  the  things  concerned  fall  under  Rule.  I.      (494) 
Then  fin.  eh  :  rad  :  ;  fin.  ei  :  fm.Z_iHE.  (490) 

Or  fin.  Z-BAc  :  rad  :  :  cof.  z.acb  :  'cof.  ab. 
Orcof.  giv, leg  :  cof.  giv.  ang.  :  ;  iad  :  fui.  required  angle.  ' 
And  is  cither  acut,e  or  ..obtufe*- 
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499.  PROBLEM    IV. 

In  the  right  angled  fpheric  triangle  abc.     Plate  I.  Theorem  XIV. 

Given  one  of  the  legs  ab     }  t>       .1  .*     „  n 

7    ,  .        ,.        _        P  J- Required  the  reit. 

And  its  adjacent  angle  bag    J       ^ 

I  ft.  To  find  the  other  angle  bca. 

In  the  triangle,  N°  .3,  the  things  concerned  fall  under  Rule  I.       (494) 
Then  rad  :    fin.   eh     ::  fin.  z_ehi  :  fin.  ei.  (49°) 

Or      rad  :  fin.Z.BAc   :  :     cof.  ab     :  cof.  Z.acb. 
Therefore  rad  :  cof.  giv.  leg  :  :  fin.  giv.  ang.  :  cof.  req.  angle. 
•    And  is  like  the  given  leg.  (479) 

2d.  To  find  the  other  leg  BC, 

In  the  triangle,  N°  ij  the  things  concerned  fall  under  Rule  II.     (495) 

Then  fin.  ab  :       rad     :  :     tan.   bc     :  tan.  Z_cab.  ..,(401), 

Or         rad      :  fin.  ab  :  :  tan.  /.cab  :  tan.  bc. 

Therefore  rad  :  fin,  giv.  leg  :  :  tan.  giv.  ang.  :  tan.  req.  leg. 

And  is  like  the  given  angle.  (479) 

3d.  To  find  the  hypothenufe  AC. 

In  the  triangle,  N°  2,  the  things  concerned  fall  under  Rule  II.      (495} 
Then  fin.  gh    :  rad  :  :  tan.CG  :  tan.Z-CHG.  (491) 

Or  cof.  Z_cab  :  rad  :  :  cot.  ac  :  cot.  ab. 
Therefore  rad  :  cof.  giv.  ang.   :  :  cot.  giv.  leg  :  cot.  hypothenufe. 
Ind  is  acute,  if  the  giv.  leg  and  angle  are  alike  j  but  obtufe  if  unlike.  (485  ) 


00.  PROBLE  M     V. 

In  the  right  angled  fpheric  triangle  abc.     Plate  I.     Theorem  XIV. 
Given  both  the  legs  ab,  bc. 
Required  the  reft. 

I  ft.  Ts  find  either  of  the  oblique  angles,   as  BAC. 

In  the  triangle,  N°  i,  the  things  concerned  fall  under  Rule II.     (495) 
Then,  As  fin.  ab  :  rad  :  :  tan.  bc  :  tan. /.bag.  (490 

Or  rad  :  fin.  ab  : :  (tan.  /_  bac  :  tan.ijc  : :)  cot.  bc  :  cct.  Z_  sac. (332) 
Therefore  rad  :  fin.  one  leg  :  :  cot.  cth.  leg.  :  cot.  opp.  angle. 
And  is  like  its  oppofite  leg.  .  (479) 

2d.  To  find  the  hypothenufe  AC 

In  the  triangle,  N°  2,  the  things  concerned  fall  under  Rule  I.       (494) 
Then,  As  rad  :  fin.  hc  :  :  fin.  Z.chg  :  fin.  cg.  (49°) 

Or  rad  :  cof.  bc  :  :  cof.  ab  :  ccf.  ac.  '  *r*. 

Therefore  rad  :  cof.  one  leg  :  :  cof.  oth.  leg  :  cof.  hypothenufe. 
And  is  acute,  if  the  legs  are  alike ;    but  obtufe  if  unlike.  (480) 
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501.  PROBLEM    VI. 

In  the  right  angled  fpheric  triangle  abc.    Plate  I.     Theorem  XIV, 
Given  both  the  angles  bac,  bca. 
Required  the  reft. 

lft.  Ti  find  either  of  the  legs,  as  bc. 
In  the  triangle,  N#  2  or  3,  the  things  concerned  fall  under  Rule  I.    (494) 
Then  rad  :  fin.  hc  :  :  fin.  Z_  hcg  :  fin.  hg.  (49°) 

Or      rad  :  cof.  bc  :  :  fin.  L.  acb  :  cof.  Z_bac. 
Therefore  fine  of  one  angle  :  rad , :  ;  cof.  oth.  ang.  :  cof.  opp.  fide. 
And  is  like  its  oppofite  angle.  *       (479) 

id.  To  find  the  hypothenufe  Ac. 

In  the  triangle,  Nc  2,  the  things  concerned  fall  under  Rule  II.       (495) 
Then,  Asfin.cc  :  fad  :  :  tan.GH  :  tan.  Z.  hcg.  (491) 

Or  cof.  ac  :  (rad  :  :)  cot.Z.BAc  (:tan.Z.BCA)  : :  cot.Z.BCA  :  rad.   (331) 
Therefore  rad  :  cot.  one  angle  :  :  cot.  oth.  ang.  :  cof.  hypothenufe. 
And  is  acute,  if  the  angles  are  like.  (484) 

But  obtufe  if  unlike. 

In  thefe  fix  Problems  are  contained  fixteen  proportions,  which  are  ap-< 
plicable  to  the  like  number  of  cafes  ufually  given  to  right  angled  fpheric 
triangles ;  and  thefe  proportions  being  collected  and  difpofed  in  a  Table, 
will  readily  fliew,  by  inflection,  how  any  of  the  cafes  are  to  be  folved. 

The  celebrated  Lord  Napier,  the  inventor  of  logarithms,  contrived 
a  general  rule,  eafy  to  be  remember'd,  whereby  the  folution  of  every 
cafe  in  right  angled  fpheric  triangles  is  readily  obtained,  where  the  tabWi 
of  proportions  is  wanting  j  which  rule  is  as  follows. 

General  Rule. 
502.  Radius  multiplied  by  the  fine  of  the  middle  pert,  is  either  equal  U 
the  producl  of  the  tangents  of  extreams  conjunct. 

Or  to  the  producl  of  the  coftnes  of  extremes  disjuncl. 

Obferving  ever  to  ufe  the  complements  of  the  hypoth.  and  angles* 

Lord  Napier  called  the  five  parts  of  every  right  angled  fpheric  tri- 
angle, omitting  the  right  angle,  circular  parts ;  which  he  thus  diftim 
guiihevl  \  the  two  legs,  the  complements  of  the  two  angles,  and  the  complex 
ment  of  the  hypothenufe ;  and  any  two  of  thefe  circular  parts  being  giveni 
the  others  are  to  be  found  by  this  rule,  as  is  fhewn  in  what  follows. 

Now,  In  all  the  proportions  about  right  angled  fpheric  triangles,  there 
are,  befides  the  radius,  three  things  concerned ;  one  whereof  may  bc 
called  the  middle  term  in  refpedt  of  the  other  two ;  and  thefe  two,  in 
refpedt  to  the^rniddle  term,  may  be  called  extreams. 

When  the. two  extreams  are  joined  to  the  middle,  they  are  called  ex- 
treams conjunct:  But  when  each  of  them  are  disjoined  from  the  mid- 
<%r       die  by  an  intermediate  term  (not  concerned),  they  are  then  called  ex- 
"*•■  '  *""■  treams  disjunct  j   taking  notice  that  the  right  angle  does  not  disjoin  th< 
lb.        ..teg***^ 
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Thefc  things  duly  obferved,  tlie  practice  of  the  Rule  will  appeaj  in 
the  following  examples. 

Example  I.  IVhen  the  hypothenufe  and  the  angles  are  concerned. 
The  hypoth.  is  the  middle  term,  and  the  two  angles  are  extreams 
conjunct;  then  by  the  rule. 

Rad  x  fin.  hyp.  —  tan.  one  ang.  x  tan.  other  angle.  ! 

But  the  compl.  of  the  hypoth.  and  angles  are  always  to  be  ufed. 
Therefore  rad  x  cof.  hyp.  ==  cot.  one  ang.  x  cot.  oth.  angle. 
Hence  rad  :  cot.  one  ang.  :  :  cot.  oth.  angle  :  cof.  hypoth.         (246) 
From  whence  are  deduced  the  6th  and  15th  cafes. 

Exam.  II.  IVhen  the  hypoth.  and  legs  are  under  consideration. 
The  hypoth.  is  the  middle  term,  and  the  two  legs  are  extreams  dif- 
iunft,  having  the  angles  between  them  and  the  hypoth. 
Then  by  the  rule.     Rad  x  fin.  hyp.  =  cof.  one  leg  x  cof.  oth.  leg, 
But  the  complement  of  the  hypoth.  is  to  be  ufed. 
Therefore  rad  x  cof.  hy.  =3  cof.  one  leg  x  cof.  oth.  leg. 
Hence  rad  :  cof.  one  leg  :  :  cof.  oth.  leg.  :  cof.  hypoth.  (246) 

From  whence  are  deduced  the  3d  and  13th  cafes. 

Exam.  III.  The  legs  and  an  angle  under  confideration. 

Here  one  leg  is  the  middle,  and  the  angle  and  other  leg  are  extreams 
ronjundt : 

And  thefe  being  refolved  into  a  proportion  by  the  rule,  will  produce 
:he  8th,  nth,  and  14th  cafes. 

Exam.  IV.  The  angles  and  a  leg  under  confideration. 

Here  one  angle  is'  the  middle,  and  the  other  angle  and  leg  are  ex- 
Teams  disjunct,  the  hypothenufe  and  other  leg  intervening. 
_    Now  thefe  being  refolved  into  a  proportion,,  gives  the  9th,  1 2th,  and 
[6th  cafes. 

Exam.  V.  The  hypoth.  a  leg,  and  the  angle  between  them  being  under 
onf deration.  '      "     ■    ; 

Here  the  angle  is  the  middle  term,  and  the  hypoth.  and  leg, are-ex* 
reams  conjunct. 

:    And  thefe  being  refolved  into  a^ proportion,  will  give  the  2d,  4th',  and 
[Oth  cafes.  .'  , '  "' 

'       '  '    .  ,>>  VU'Vj 

Exam.  VI.  The  hypothenufe,  a  leg  and  its  " opfofiif  e^ng^e  being  under 
tnf deration,  loqow  i  ^    i  n    , 

Here  the  leg  is  the  middle  term,  and  the  hypotHeriufe  tind  angle,  are 
streams  disjunct,  the  other  leg  and  other  angle  falling 'between  them 
tnd  the  middle.  ,  "'■-"" 

And  thefe  being  converted  into  a  proportion^  from^  thence  the  lift,  SfJi, 
ind  7th  caics  are  deduced.  u       ';' 
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SECTION    VII. 

Of  the  folntion  cf  olliqite  angled  fpheric  triangles, 

503.  All  the  cafes  in  oblique  angled  fpheric  triangles,  except  where 
the  three  .ikies,  or  the  three  angles  are  given,  re  moll  conveniently  re- 
folved  by  drawing  a  perpendicular  from  one  of  the  angles  to  its  oppofite 
tide,  continued  if  neceflary;  which  perpendicular  will  either  divide  the 
given  triangle  into  two  right  angled  triangles,  or  make  two  that  are 
right  angled,  by  joining  a  right  angled  one  to  the  given  triangle.  , 

In  drawing  of  this  perpendicular  obferve  : 
.  .lib.  It  mull  be  drawn  from  the  end  of  a  given  fide,  and  oppofite  to  a 
given   angle-. 

2d.  It  muft  be  to  drawn,  that  two  of  the  given  things  in  the  oblique 
triangle  may  remain  known  in  one  of  the  right  angled  triangles. 

3d.  This  perpendicular  is  to  be  ufed  as  a  known  quantity;  and  being 
drawn  as  here  directed,  will  either  fall  within  or  without  the  triangle, 
as  the  angles,"  next  the  fide  on  which  it  falls,  are  of  the  fame  or  of  dif- 
ferent kinds.  (488} 

PROBLEM    I, 

In  the  oblique  angled  fpheric  triangle  abc. 

Given  two  fides  ca,  cb  }„       .     ,        n  ' 

a     1  .1  ,  ,  SKequir.  the  reft. 

And  the  angle  opp.  to  one,  4_qab  \       l 

I  ft.  To  find  the  angle  oppofite  to  the  other  given  fide 

(^CBA). 

K^^Vi         B      As  fin.  ec  :  fin.Z-CAB  :  :  fin.  AC  :  fin.Z.CBA.  (493) 
Or,  As  fin.  one  fide  :  fin.  6pp.  ang.  :  :  fin.  oth.fde  :  fin.  opp.  angle. 
Which  may  be  either  acute  or  obtufe. 

2d.  To  find  the  angle  bctivten  the  given  fides  (Z_acb). 

Now  rad  :  tan.Z.CAB  :  :  cof.  ac  :  cot.  (acd,  call  it)  m.  (3d.  497) 

Or  rad  :  tan.  giv.  i.  :  :  cof,  adj.  fide  :  cot.  (of  a  fourths)  m. 

And  is  acute,  if  Ac  and  Z.CAB  are  like  :  But  obtufe  if  unlike. 

But  rad  :  tan.  cd  :  :  cot.  ac   :  cof.  (acd  —)  m.  (2d.  496} 

rad  :.tan.  cd  ::  cof.  cb  :  cof.  (BCD,call  it)  n. 
Therefore  cot.  AC  :  cot.  cb  :  :  cof.  m.  :  cof.  n.  (2$) 

Or  cot.  fide  adj.  giv.  /_  :   cot.  oth.  fide  :  :  cof  m  :  caf.  n. 
Jnd  is  like  the  fide  eppofite  the  given  angle,  if  that  angle  is  acute  ; 
But  unlike  that  fide,  if.  the  given  angle  is  obtufe. 

<rr  ~*i  j  r-    i*  .,•     ,  {  lum  Gf  m  and  n,  if  t  *  falls  within* 

Thenthe an gkfo  light,  vvl. L acb— V       -^  s .  </■  J-   J 

I  &iff.  of  m  and  n,  if  jl  falls  withouU 
*    The  mark  ^  fignifas  the  perpendicular. 
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3d.  To  find  the  other  ftde  AB. 

Now  Rad  :  cof.  z.cab  :  :  tan.  AC  :  tan.  (ad,  call  it)  M.    (2d.  497) 
Or  Rad  :  cof.  giv.  ang.  :  :  tan.  adj.  fide  :  tan.  (of  a  fourth  ~)  M. 
Acute  ^  if  the  ang.  and  its  adj.  fide  are^alike  ;  but  obtufe  if  unlike. 
But  cof.  cd  :  Rad  :  :  cof.  ac  :  cof.  (ad  =)  m. 

cof.  cd  :  Rad  :  :  cof.  cb  :  cof.  (db,  call  it)  n.  (3d.  496) 

Therefore  cof.  AC  ":  cof.  cb  :  :  cof.  M  :  cof.  N.  (23&) 

Or  cof.  fide  adj.  giv.  ang.  :  cof  oth.  fide  :  :  cof.  M  :  cof.  N. 
Like  the  fide  oppofite  the  given  angle,  if  that  angle  be  acute. 
But  unlike  that  fide,  if  the  angle  be  obtufe. 

fum  of  M  and  N,  if  the  JL  falls  within. 
M  and  N,  if  the  j^  falls  without. 
But  if  ca  =  cb,  or  if  CA  =  x8o°  —  cb,  or  if  ca  is  between  ec 
and  180°  —  bc  ; 
Then  Z_b  is  like  bc  only. 
5    likeZ_A 


Then  the  fide  fought  AB=  5  %;/r.  % 
J      J    *  }  dif.of: 


And  if  bc  is 


I  unlike  {_  A 


1  Then  z_acb  =  m  +  n  only ;  and  ab 
)  z=  M  +  n  only. 


505.  PROBLEM    II. 

In  the  oblique  angled  fpheric  triangle  abc. 
Given  two  angles       Z_cab,  ^cba  )  Required 
And  a  fide  oppofite  one  of  them  ac  }  the  reft. 

1  ft.  To  find  the  fide  oppofte  the  other  given  angle, 
viz.  cb. 
Then,  As  fin.  Z_cba  :  fin.  ac  : :  fin.  Z_cab  :  cb. 
Or  fin.  one  ang.  :  fin.  opp.  fide  :  :  fin.  oth.  ang.  :  fin.  opp.  fide. 
'Which  may  be  either  acute  or  obtufe. 

2.  To  find  the  fide  included  by  the  given  angles,  viz.  ab. 

Now  Rad  :  cof.  Z.cab  .:  :  tan.  ac  :  tan.  (ad, call  it)  M.  (2d.  497) 
Or  Rad  :  cof  L.  adj.  giv.  fide  :  :  tan.  the  giv.  fide  :  tan.  (of  a  fourth  z=)  M. 
Like  the  ang,  adj.  the  fide  given,  if  that  fide  is  acute;  but  unlike  if  obtufe. 
But  Rad  :  tan.  cd  :  :  cot.  Z.cab  :  fin.  (ap=)  m. 

Rad  :  tan.  cd  :  :  cot.  ^_cbd  :  fin.  (db,  call  it)  n.         (2d.  498) 
Therefore  cot.  Z_cab  :  cot.  z_cbd  :  :  fin.  m  :  fin.  n.  (23^) 

Or  cot.  Z.  adj.  giv.  fide  :  cot.  oth.  ang.::  :  fin.  M  :  fin.  N. 
Which  may  be  either  acute  or  cbtufe. 

Then  fide  fought  AB  =  J  fu!n  °fM  and  N'  V  \he  Shen  a'%Ies  arc  aVlke' 
J      J    6  \   dijf.  ofM  and  N,  if  the  given  angles  are  unlike. 

3d.  To  find  the  other  angle,  viz.  Z.ACB. 

Now  Rad  :  tan.  /.cad  ::  cof.  ac  :  cot.  (Z_acd,  call  it)  m.  (3d. 497) 
Or  Rad  :  tan.  Z_  adj.  fide  giv.  :  :  cof.  of  giv.  fide  :  cot.  [of  a  fourth  —)  M. 
Like  /_  adj.  fide  given,  if  that  fide  is  acute  ;  but  unlike  if  obtufe. 
But  cof.  cd  :  Rad  :  :  cof.  Z_cab  :  fin.  (Z_acd  =)  m. 

cof.  cd  :  Rad  ::  cof.  Z_abc  :  fin.  (Z_bcd,  call  it)  n.     (3d.  498) 
Therefore  cof.  z_cab  :  coi'.  Z_abc  :  :  fin.  m  :-fin.  n.  (238) 

Or  cof.  i_  adj.  fide  giv.  :  cof  other  angle  :  :  fin.  m  :  fin>  n. 
Which  may  be  either  acute  or  obtufe, 

The 
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Urn  L  fought,  abc  =i  J& °fm  ani  **  !f[he ?ven  a"&  are  aSM 

J     ■     '  l   diff.  of  m  and  n,  if  the  given  angles  are  unltke. 

But  if  AC  =  bc,  or  to  i8o*  — p  bc,  or  is  between  bc  and  i8o*  —  bc. 
Then  bc  cannot  be  unlike  its  oppofite  angle. 
Neither  can  db,  or  the  Z.bcd,  be  obtufc. 

PROBLEM    III. 

In  the  oblique  angled  fpheric  triangles  abC. 
a"d  Given  two  fides  Ac,  ab)d       .     ,  -,       a 

And  their  contained  angle  bac  }  Rc£*uircd  the  reft 


^   --*B  i  ft.  To  find  either  of  the  otbef  angles,  as  Z.ABC. 

As  Rad  :  cof.  Z_cab  : :  tan.  ac  :  tan.  (ad,  call  it)  m..  (2d.  297) 

Or  Rad  :  eofgiv.  L.  '■ '  tan.  fide  opp.  L.  fought :  tan.  [of  a  fourth  =;)   M. 

Like  the  fide  opp.  L.  fought,  if  the  given  l_  is  acute. 

But  unlike  that  fide,  if  the  given  L.  is  obtufe. 

Take  the  diff".  between  (ab)  fide  adj.  L.  fought,  and ( AD  =)  M  ;  call  it  K. 

Now  Rad  :  cot.  cd  :  :  fin.  (ad  ==)  m  :  cot.  z.  cab.  (ift.  500)  y 

Rad  :  cot.  cd  :  :  fin.  (db  =)  N   :  cot.  L.  ABC. 
Therefore  fin.  k  :  fin.  m  :  :  cot.  z.abc  :  cot.  z.cai.  (238) 

:  :  tan.  4 cab-  :  tan.  /.cba.  (332) 

Or  fin.  n  :  fin.  m  :  :  tan.  giv.  L.  :  tan.  L.  fought. 
Like  the  given  angle  (bac)  //  M  is  lefs  than  (ab)  the  fide  adjacent  the 
angle  fought :  But  unlike  if  M  is  greater. 
2d.  To  find  the  other  fide  cb. 

As  Rad  :  cof.  z.cab  :  :  tan.  ac  :  tan.  (ad,  call  itj*fcjk     (2d.  iqj) 
Or  Rad  :  cof.  giv.  Z_  ■  •  tan.  of  either  giv.  fide  :  tan.  (tof [a fourth ss^M. 
Like  the  fide  ufed  in  this  proportion  if  the  given  angle  is  acute.    . 
But  unlike  that  fide,  if  the  angle  is  obtufe. 

Take  the  diff.  between  the  other  fide  (ab)  and  (ad  =)  M  j  eaU  it  N. 
Now  Rad  :  cof.  cd  :  :  cof.  (ad=)  m  :  cof.  ac.  (2d.  500} 

Rad  :  cof.  cd  :  :  cof.  (db  ■=)  n  :  cof.  cb. 
Therefore  cof.  m  :  cof.  n  :  :  cof.  ac  :  cof.  cb.  (23^ 

Or  cof.  M  :  c of.  n  :  :  cof.  fide  ufed  in  ifi  proportion  :  cof.  fide  required* 
Like  N,  if  the  giv.  Z.  is  acute ;  But  unlike  N  if  that  L.  is  obtufc* 

507.  PROBLEM    IV. 

In  the  oblique  angled  fpheric  triangle  abc 
Given  two  angle*  £cab,  ^*cb  j^.^^^. 
And  their  included  fide  ac  3      ^ 

ift.  To  find  either  of  the  other  fides,  as  cb.  | 

As  Rad  :  cof.  ac  :  :  tan.  Z.  cab  :  cot.  (Z.acd,  call  it)  m.    (3d.  497)    j 
Or  Rad  :  cof.  giv.  fide  : :  tan.  L.  opp.  fide  fought  :  cot.  (of  a  fourth  -zz.)m>    | 
Like  the  angle  opp.  fide  fought,  if  the  given  fide  is  acute. 
But  unlike  that  angle,  if  the  given  fide  ie  obtufe. 

Take  tbediff.  between  L.  (acb)  adj.  fide- fought,  and  (Z_acd=)  m,  call  it  n 
Then, Rad  :  cot.  CD  :-i  cof...(z.ACDs=)  m  :  cot.  ac.  (3^499. 

Rad  :  cot.  cd  ;  :  cof.  (z.bcD^)  n  ;  cot.  cb. 

.  -         -  -  '  —   .;  -  Therefor< 
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Therefore  cof.  n  :  cof.  m 


(238) 
(332) 


and 

:   Cof.  Z.CAB. 
Cof.  Z.ABC. 


(ift.499) 


:  cot.  cb  :  cot.  ac. 
:  :  tan.  ac  :  tan.  cb. 

Or  cof.  n  :  cof.  m  :  :  tan.  given  fide  :  tan.  fide  required. 

Like  n,  if  the  angle  eppofte  the  ftde  fought  be   acute. 

But  unlike  n  if  the  angle  is  tbtufe. 

ad.  To  find  the  other  angle  abc 

As  Rad  :  cof.  ac  :  :  tan.  /.cab  :  cot.  (Z.acd, 
call  it)  m.  (3d.  497) 

Or  Rad  :  cof.  giv.  fide  :  :  tan.  either  giv.  L.  :  cot.  ^ 
(of  a  fourth  =)  m. 

Like  L.  ufed  in  this  proportion ,  if  the  giv.  fide  (ac) 
is  acute. 

But  unlike  that  Z.,  if  the  given  fide  is  obtufe. 

Take  the  diff.   between   the  other   Z.  (acb) 
\L  (acd  =)  m,  call  it  n. 

Now  Rad  :  cof.  cd  :  :  fin.  (z.  acd  =)  m 
Rad  :  cof.  CD  :  ;  fin.  (z.  bcd  =)  n  : 

Therefore  fin.  m.  :  fin.  n  :  :  cof.  z.cab  :  cof.  z.abc 

Or  fin.  m  :  Jin.  tx'.'.cof.L.  ufed  in  ijl  prop.  :  cof.  Z.  fought. 
'    Like  the  jL    ufed  in  both  proportions,   ifm  is  lefs  than  the  other  Z.. 

But  unlike,  if  m   is  greater  than  the  other  angle. 
;jo8.  PROBLEM    V. 

In  the  oblique  angled  fpheric  triangle  abc     Plate  I.    Problem  V. 

Given  the  three  fides  ab,  bc,  ac;  Required  the  angles. 

To  find  the  angle  abc. 

Let  hbklm  reprefent  the  quarter  of  a  fphere,  whofe  centre  is  o. 
IVherc  the  femicircular  fectipns  hbk,  hlk,  are  at  right  angles  to  one 
mother  ;  and  ob  is  perpendicular  to  hk. 

Then,  continuing  the  fide  bc  to  l,  the  arc  hml  meafures  Z.abc  (389) 

And  hq^s:  4  chord  hl,  will  be  the  fine  of  ~  (arc  hml  =  4)  /.abc 

Draw  the  radius  oqm  j  and  draw  lp,  qn  at  right  angles  to  hk. 
Then  lp  =  fine,  hp  =  verfed  fine,  of  Z_abc  :  And  hn  =  np.  (248) 
But  as  HCfcp  is  a  right  angled  triangle  j  oqjjeing  perp.  to  hl.    (208) 
Therefore  oh  :  hq^:  :  hq^:  hn.  (253) 

And  oh  x  hn  =  hoJ  (245)  =  fquare  of  the  fine  of  4  Z.abc 
Make  bd  =  be  =  bc  ;  and  af  =  ag  =  ac* 
Then  the  femicircular  plane  dce,  which  is  parallel  to  hlk  (403),  will 
ie  cut  by  the  femicircular  plane  fcg,  drawn  at  right  angles  to  the  pJane 
ibk,  in  the  line  ci  (283)  at  right  angles  to  de.  (284) 

•And  the  arc  dc  and  its  verfed  fine  di,  are  fimilar  to  the  arc  hl  and 
ts  verfed  fine  hp.  (4©9»  310) 

Then  Rad  oh 


Rad 


/   PH  \   1HH 

ds  : :  ph  :  id  =  f  —  xds  3=   -— i-xos. 

V    OH  /OH 


Draw  or  parallel  to  fc  ;  then  arc  ar  =  (90°=)arcBK,  and  rk  =  ab. 
Therefore  Z.  dif  s±  (Z.kor  t=.  arc  rk  =)  arc  ab. 
Now  ds  =  (se    =    fine    arc    be    =)  fine  arc  bc. 
And  ad  =  (bd—  ba  =  bc  —  ba  =)  diff.  fides  about  z.  fought. 
AlfoZ.DFi  =  4  arc(DG  =  ag  +  ad  =2)  ac  -f-  AD,  whofe  fine  is  4  id. 
chol.  to  art.  340. 

And  arc  fd      SS  (af   —*  ad  s;      )  ac—AD,  whofe  fine  is  \t>t. 

Now 


5* 


SPHERICS. 


Now  fin.  Z.dif  :  fin.,  z*dfi  :;  (fd  : 
Or     fin.  Z-Dif  :  fin.  Z.dfi  :  ;  4  fd 


id  : 

HN 
OH 


0 

X  DS 


FD   : 


Therefore  fin.  Z.DIF  x  ds  x  ^—z=z  Cm.  z_dfi  x  4fe> 


HN 

OH 

HN 


:d.  (Schol.  340) 


(245) 


Oil 


Therefore  fin.  Z_dif  x  ds  x  — *  xoh  =  fin.Z-DFi  x  4PDX  0H-  (239) 

(232) 

(246) 


Or  fin.  Z.DIF  X  DS  X  HN  =  fin..Z.DFI  X  \  FD  X  OH. 

Theref.  fin.Z-DiFXDs  :  fin.Z.DFix|FD  ::  oh  :  hn. 

: :  ohxoh  :  (hnxoh^zhqJ-  (234) 
fin.  Z_dfi  x  4  fd  •  :"  oh1  :  hq\ 
Orfin.ABxfin.  Bc;fin.  4  ac-j-  ADxfin.i  ac — ad  : :  Rad; 


Therefore  fin.  Z.dif  x  ds 


rr-,  rr  r         i     ,  fin.  4   AC-4- ADxfin.  ^  AO A] 

I  herer.  iquare  iin.  4  z.  abc=  — - — — C -—■_     • 

fin.  ab  x  fin.  bc 
Now  fuppofing  Rad  =  i.  and  L,  to  ftand  for  logarithm. 


i1n.4z.ABc 

; 

xfqu.  Rad.  (247)1] 


Then  2  l,  fin.  4  z.  abc  =:  L.fin.4  Ac-f-  ad  -f  l,  fin.  i  ac — ad — L.fin.AB| 
— l.  fin.  bc.                                                                       (90.  85..  86).. 
And  putting  /  for  the  arith.  comp.  of  a  logarithm. 

t-,      ,  r     ,  '             /,iin.AB4-/.fin.Bc4-L.fin.4-Ac-f-AD+L.fin.iAc— ad 
1  henLjiin.  ,-Z.abc=:~ i . — ! — I ! X 1 • 

2 
That  is,  having  determined  which  angle  to  find. 
To  the  arith.  comp.  of  log.  fin.  of  one  containing  fide, 
Add  the  arith.  comp.  of  log.  fin.  of  the  other  containing  fide, 
And  the  log.  fin.  of  the  \  fan  of  3^  fide  and  diff.  of  the  containing  fides, 
Alfo  the  log.  fn.  of  the  4  diff.  of  3^-  fide  and  cliff,  of  the  containing  fides. 
Then  the  degrees  anfwering  to  half  the  fum  of  the fe  four  logs,  found  a?nong\ 
the  fines,  being  doubled,   will  give  the  angle  fought. 
509.  PROBLEM  >I. 

F  In  the  oblique  angled  fpheric  triangle  abc. 

Given  the  three  angles  a,  b,  c  ;  Requ.  the  fides.  j 
To  find  the  fide  AB. 

About  the  given  angles  as  poles,  defcribe  arcs  ot 
great  circles  meeting  one  another,  and  forming  the 
triangle  fde. 

Then  are  the  fides  of  fde,  the  fupplements  of  the 
angles  a,  b,  c.  (475> 

Continue  fd,  fe,  the  fupplements  of  the  angle 
B,  a,  adjacent  to  the  fide  ab  required,  till  they  meet  in  g. 

Then  in  the  triangle  dge,  the  fides   gd,  ge,  are  the  meafures  oi| 
the  angles  b  and  a,  adjacent  to  the  fide  fought. 

The  fide  de  is  the  fupplement  of  Z_c  opp.  the  fide  ab. 
Now  Z_g  (=  Z-F,  by  411)  is  the  fupplement  of  ab.    - 
Therefore  the  /LO  being  found  in  the  triangle  dge  by  Prob.  V,  (508]! 
Will  give  the  fupplement  of  the  fide  ab  required. 

That  is,  Let  the  given  angles  be   taken  as   the  fides  of  another  triangle.', 
cbfer-ving  to  ufe  the  fupplement  of  that  angle  opp.  to  the  fide  required. 

In  this  new  triangle  find  (by  Prob.  V),  the  angle  oppofte  to  that  fid\ 
where  the  fupplement  is  ufed. 

Then  will  the  fuppkment  of  the  angle  thus  found  fa  the  fde  required. 
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able  containing  all  the  cafes  of   Right   a-r^Jed,    or  Quadrant lal>   fpheric 
triangles,  iviih  the  Solutions,  and  Determinations. 


Hyp. 

and  a 


Given 


Required. 


SOLUTION. 


Zop.gn.  leg 


Z.  ad.  gn.leg 


fin    Hyp.  :        Rad       :":   fin    gn.  leg   :  fin.  op.  Z 


Rad       :  cot.  Hyp.  ■ :  tan.  gn  leg  :  cof. adj.lec- 


nh.  leg. 


Hyp. 
md  an 
imple. 


legop.gn.  Z. 


legad.gn.Z. 


oth.  angle 


cof! gn  leg:      Rad        ::    cof. Hyp.  :  cof.  req.h 


Dt  termination. 


Like  uiven  ley 


ac.  or'ob.  as  hyp. 
lik.  orunl.  gn.  le^ 


j  ac.  or  ob.  as  hyp. 
}  lik.  orunl.  gn.  leg 


Rad       :   fin.  Hyp.   :  :  fin.  gn.  Z.  :  fin.  op.  leg 


Rad      :  tan.  Hyp.  : :  cof..  gn.Z.  :  tan.  adj.iec 


Rad      :  cof.  Hyp.    : :  tan.  gn.  Z.  :  cot  req.Z. 


Like  -.liven  an<;ie. 


\  ac.  ur  ob.  as  hyp. 
(  Ilk.  or  unf.  gn  Z. 


C  ac.-or  ob.  as  hyp. 
\  lik.  of  unl.  gn.Z. 


A  leg 

and  it: 
op.  Z 


Rvpoth.        Ihii.gn.Z.  :  fin. gn. leg.    ::       Rad         :  fin.  Hyp. 


V 


A  leg 
and  its 

adj.z. 


oth.  leg  Rad       :  cot.  gn.Z.   ::  tan. gn. leg.  :  fin.req.!e[: 


oth.  angle 


orh.  ang. 


oca.  leg. 


Hypoth. 


coi.g.  leg  :  cof.  gn.Z.    : :       Rad         :  iin.  req.Z. 


Rad       :  cof.  gn.leg  : :  fin.  gn.  Z.  :  cof.req.Z. 


Rad       :  fin.  gn.  leg  : :  tan.  gn.  Z.  :  tan.req.le> 


Rad      :  cof.  gn.  z.  : :  cot.  gn.leg  :  cot.  Hyp. 


Both 
legs. 


ither  ang. 


Hypoth. 


Both 

ancles 


eith.  leg.        fin.eith.Z.:       Rad        : :  cof.oth.  Z.  :  cof.  op.  lei- 


Hypoth. 


Rad      :  fin.eith.leg  : :  cot. oth. leg  :  cot.  op.  Z. 


Rad      :  cof.eith.leg  : :  cof.oth. leg  :  cof.  Hyp. 


Rad       :  cot. eith.  Z.  : :  cot. oth.  Z.  :  cof.  Hyp. 


either  .ac.  or  ob. 


either  ac.  or  ob. 


cither  ac.  or  ob. 


Like  given  angle. 


Like  given  leg. 


C  ac.orob.  as  gn.leg 
\  lik.  or  unl.  gn.  Z. 


Like  opp.  leg. 


ac.  or  ob.  as  leg 

like  or  unlike. 


Like  opp.  angle. 


In 


ac.  or  ob.  as  Z.sl 

k.  or  unl. 


'En  a  quadrantal  triangle,  if  the  quadrantal  fide  be  called  radius ;  the  fupplement  of 
g  oppofite  to  that  fide  be  called  hyp. ;  the  other  fides  be  called  angles,  and  their 
Imgles  be  called  legs  :  7'hen  the  folution  of  all  the  cafes  will  be  as  in  this  table  ; 

.ir,  that  where  the  kind  of  a  fide  or  angle  is  determined  by  the  hyp.  j  ©r  the  hyp.  is  to 

1  fciined,  to  ufe  unlike  inftead  of  like,  and  like  inftead  of  unlike. 

h  table,  befide  the  contraction's  fpr  fine,  tang,  cofine,  cotang,  op.  ftands  for  oppo- 
I  for  adjacent;  oth.  for  other;  eith.  for  either ;  ac.  for  acute;  ob.  for  obtufe  ;  gri.tot 
t  unL  for  like,  unlike  i  req.  for  required;  ang.  or  Z-,  for  angle. 
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SECTION    VIII. 

The  eonftnifiion  and  numeral  folution  of  the  cafes  of  right  angled  _ 

fpheric   triangles. 

539.  Exam.  I.    In  the  right  angled  fpheric  triangle  abc. 
Given  the  hypoth.  AC  =  64°  4o'lR      'ired  the  reft. 
And  one  leg  Be  —  42    12  J 

Constructions. 

I  ft.  To  put  the  given  kg  on  the  primitive  circle. 

Defcribe  the  primitive  circle,  and  draw  the  right 
circle  ab. 

Apply  the  given  leg  (420  12')  to  the  primitive 
circle  from  b   to  c. 

About  c  as  a  pole,  at  a  did.  equal  to  the  hyp. 
(640  40')  (456)  defcribe  a  fmall  circle  aa,  cutting 
the  right  circle  ab  in  a  ;  and  draw  the  right  circle 

CD. 

Thro'  c,  a,  d,  defcribe  an  oblique  circle. 

And  abc  is  the  triangle  fought. 

2.  To  put  the  required  leg  on  the  primitive  circle. 

Defcribe  the  primitive  circle,  and  draw  the  right 
circle  cb  ;  on  which  lay  the  given  leg  (42"  1-2') 
from  b  to  c.  (446) 

About  c  as  a  pole  (454),  at  a  diftance  equal  to 
the  hypoth.  (64'  40')  defcribe  a  fmall  circle,  cut- 
ting the  primitive  in  A  ;  and  draw  ad. 

Thro'  A,  c,  D,  defcribe  an  oblique  circle.  (163) 

Then  abc  is  the  triangle  required  :  Whofe  fides  and  angles  are  mea 
fured  by  art.  446,  448. 

Computations. 

To  find  L  sppof.  the  giv.  leg.  (510 


(l63) 


As  fin.  hyp.      =  640  40'  0,04392 

To  Rad             =  90    00  10,00000 

So  fin.  gn.  leg  zz  42    12  9,82719 

To  fin.  op.  Z.  =48   00  9,87111 


This  angle  is  acute,  becaufe  it  is  to 
be  like  the  given  leg,  which  is  acute. 


To  find  L.  adj.  the  given  kg.  (511) 
As  Rad  —  90^  oo;        io,oocoo 

9,6752-4 
9.95748 


To  cot.  hyp.    zz  64   40 
Sotan.gn.leg  =42    12 


Tocof.adj.  Z.  =:  64    35  9,63.1-2 

This  angle  is  acute,  becaufe  the  hyp. 
and  given  legs  are  of  like  kinds. 


(512) 
0,13030 
10,00000  I 


To  find  the  other  kg. 
Ascoi.^n.leg  —  420  1  ±' 
To  Rad  3$  90    00 

So  cof.  hyp.     3?  64    40 

Tocof.req.leg~  54    43 

Note.  In  thefe  operations,  and  in  all  the  following  ones ;  altho'  the 
cofine,  or  cotan<j;,  arc  ufed  in  the  proportions ;  yet  the  degrees  and  min. 
fct  down,  are  not  the  complements,  but  the  real  fides  or  angles. 

54* 


9»^3]33  I      This  leg  is  acute,  becaufe  the  hyp. 

— ■  1  and  given  kg  are  of  like  kinds. 
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540.  Exam."  II.    In  the  right  angled  fpheric  triangle  ABC, 
Given  the  hypoth.  ac  =  64-  40'  ?  R      ired  the  reft> 
And  one  angle        acb  =  64    35    J      n 

Constructions. 
1  ft.  To  put  the  leg  adjacent  to  the  given  angle  on  the  primitive  circle. 

C  Thro'  any  point  c,  in  the  primitive  circle,  de- 

fcribe (451)  the  oblique  circle  cad,  making  with 
the  primitive  circle  the  angle  bca  equal  to  the 
given  angle  64*  35V 

In  the  oblique  circle,  cad,  take  ca,  equal  to 
the  given  hypothenufe  64°  40'.  (44&) 

Thro'  A  defcribe  the  right  circle  ab. 

Ana"  cab  is  the  triangle  required. 

id.  To  put  the  leg  oppofite  the. given  angle  on  the  primitive  circle. 

.a  Having  defcribed  the  primitive  circle,  and 
.f" drawn  the  right  circle  ob. 

Defcribe  (460)  an  oblique  circle  acd,  cut- 
ting the  right  circle  ob  in  c,  with  the  given 
angle  64*  35%  and  having  the  part  Ac  inter- 
cepted between  the  right  circle  ob  and  the  pri- 
mitive circle,  equal  to  the  given  hypothenufe 
64°  40' 

Then  abc  is  the  triangle  required. 

The  fides  required  are  meafured  by  art.  446, 

And  the  required  angle  by  art.  448. 


Computations. 


ftf >  find  the  leg  opp.  the  glv.  L.  .  ( 5 1 3 ) 
ARad  :=  90*  oo'     10,00000 

T  fin.  hyp,       =  64    40         9,95603 
Siin  given  z.  =  64   35        9>95  579 


T  fin.  op.  leg  =  54   43 
ake  the  given  angle. 


9,91187 


To  find  the  leg  adj.  the  glv.  Z_.  (414) 
As  Rad  zzz  90*  oo'     io,coooo 

To  tan.  hyp.    =  64  40       10,32476 
So  cof.  giv.  Z.   =64   35        9,63266 


To  tan.  adj.  leg  r=  42    iz        9,95742 


Acute,  as  the  hypoth.  and  given  angle 
are  of  like  kind. 


To  find  the  other  angle.     (515) 
As  Rad             ■  r=  900  oo7 

To  cof.   hyp.  ■  zr  64    40 

So  tan.  given  angle  zz  64    35 


To  cot,  required  angle 


=  48    00 


10,00000 

9>63'33 
10,32313 

«  ■ 

9,95446 


Ind  is  acute,  as  the  hyjoth.  and  given  angle  are  of  like  kind. 


541. 
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541.  Exam.  III.    In  the  right  angled  fpheric  triangle  abc 
Given  one  leg  cb   =  42-  12'  /  R  ^  ^  h    ^ 

And  its  opp.  angle  cab  =  45   oq  J      n 

Constructions. 
1  ft.  To  put  the  required  leg  on  the  primitive  circle. 

Defcribe  an  oblique  circle  acd  (451),  mak- 
ing with  the  primitive  circle  the  angle  cab,  equal 
to  the  given  angle  48*  00'. 

About  the  centre  o  of  the  primitive  circle, 
defcribe  (455)  a  fmall  circle,  at  the  diftanee  of 
the  complement  of  the  given  leg  42*  n\  cutting 
acd  in  c. 

Draw  the  right  circle  ocb,  and  acb  is  the  tri- 
angle fought. 

2d.  To  put  the  given  leg  on  the  primitive  circle. 

Draw  the  right  circle  oab,  and  another  oe  at 
right  angles. 

Make  bc  equal  to  the  given  leg  420  1 2' ;  draw 
the  diameter  cd,  and  another  op  at  right  angles. 

About  E,  the  pole  of  ab,  defcribe  a  fmall 
circle  (456),  at  the  diftanee  of  the  given  angle 
48'  00',  cutting  op  in  p. 

About  p,  as  a  pole  (442 )>  defcribe  the  oblique 
circle  cad,  cutting  ab  in  a  :  Then  is  cba  the 
'triangle  required. 

The  fides  are  meafured  by  art.  446,  and  the  angles  by  art.  448. 

Computations. 


To  find  the  hypothenufe.  (516) 

As  fin.  giv.  Z_    *=  4$°  oo'  0,12893 

To  fm.giv.  leg  —  42    12  9,82719 

So  Rad  .           =90  00  10,00000 


To  fin.  hyp. 


64  40I      9,95612 


And  is  either  acute  or  obtufe. 


To  find  the  other  leg. 
As  Rad  =  900  oo' 

To  cot.  giv.  z.  =^  48   00 
Sotan.giv.leg  =  42    12 

To  fin.  req.  leg  =  54   44 


(5) 

1 0,00  ( 

995 
9»95f 

9>9' 


And  is  either  acute  or  obtufe.  I 


To  find,  the  other  angle.     (51&) 


As  cof.  given  leg 
To   cof.  given   Z. 
So  Rad        

or 

obtufe 

=  4*9 
=  ■48 

=  90 

=  64 

12' 

00 

00 

35 

0,13030 

9,82551 

1 0,00000 

To  fin.  required  /_ 

9,95581 

And  is  either  acute 
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542.  Exam,  IV.    In  the  right  angled  fpheric  triangle  Afic. 

Given  a  leg  ac  =  5f  43'  X  Required  the  reft. 

And  its  adja.  angle  cab  =  4b   00   J       <» 

Constructions. 
I  ft.  To  put  the  given  leg  on  the  primitive  circle.    .   . 

Having  defcribed  the  primitive,  and  right  circle 

OB. 

Make  ba  equal  to  the  given  leg  540  43'. 

Draw  the  diameter  AD. 
B       Thro'  A  defcribe  the  oblique  circle  acd  (451) 
making  with  the  primitive  the  given  angle  bac 
48"  oo',  cutting  ob  in  c. 

Then  is  acb  the  triangle  required 

2d.  To  put  the  required  kg  on  the  primitive. 

In  the  right  circle  ob,  take  (447)  ab,  equal 
to  the  given  leg  54"  43'. 
c  Thro'  the  point  a,  defcribe  (452)  the  oblique 

circle  cad,  making  with  ab  the  angle  bac, 
equal  to  the  given  angle  480  oo',  cutting  the 
D  primitive  circle  in  c. 

Then  is  abc  the  triangle  fought. 

The  fides  required  are  meafured  by  art.  446. 

And  the  required  angle  by  art.  448. 

Computations. 


To  find  the  other  angle.  (519) 

Is  Rad              r=  900  oo'  10,00000 

"ocof.  giv.  leg.zr  54  43  9,76164 

iofin.giv.  /L.    =  48   00  9,87107 

fo cof.  req.  Z.  :=  64   35  9,63271 


And  is  4ike  the  given  angle. 


To  find  the  other  leg.  (520) 

As  Rad              —  900  oo'  10,00000 

To  fin.giv.  leg  =  54   43  9,91 1 85 

So  tan.  giv.  Z.   =48   00  10,04556 


To  tan.  req.  leg  .=  42    12        9.95741 
And  is  like  the  given  leg. 


To  find  the  hypothenufe.      (521) 
As  R.ad  >  "    '    "  —  900  oo' 

To  cof.  given  Z.        —         r=  48    00 
So  cot.  given  leg         — >  =  54    43 


To  cot.  hyp. 


64  40 


10,00000 
9,82551 
9,84979 

9>6753° 


And  is  acute,  as  the  given  leg  and  angle  are  of  a  like  kind? 
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543.  Exam.  V.     In  the  right  angled  fpheric  triangle  AsC. 
Given  one  leg         b a  =  54«  43'  1  R      ired  the  reft, ~ 
And  the  other  leg  bc  =  42    12  J      n 

CoNSTRtTCTION. 

To  put  either  leg  on  the  primitive  circle. 

Having  defcribed  the  primitive  circle,  and  drawn 
the  right  circle  ob. 

Then  let  the  given  legs  54*  43',  and  420  12', 
be  applied,  one  from  b  to  a,  and  the  other  from 
B  to  c  (450) ;  and  draw  the  diameter  ad. 

Thro'  the  points  A,  c,  d,  defcribe  an  oblique 
circle.  (163) 

Then  is  abc  the  triangle  required. 

The  angles  a  and  c  may  be  meafured  by  art. 
448. 

And  the  hypothenufe  Ac  by  art.  446. 


Computations. 
To  find  the  angle  A.     (522) 


As  Radius  

To  fin.  Of  leg       ab 


2=    90     OO' 

==  54    43 
—  42    \z 


So  cot.  other  leg  bc       — 

To  cot.  op.  angle  a      —     ==  48    00 

And  is  acute,  as  the  oppofite  leg  cb  is  acute. 

To  find  the  angle  c     (522) 

As  Radius  rz  900  00 ' 

To  fin.  of  leg       cb       —       ~   42     12 
So  cot.  other  leg  ab       —       =z  54    43 


To  cot .  op.  angle  c       — 


64 


10,00000 

9,91185 

10,04251 

9»95436 


10,00000 
9,82719 
9.84979 

9.67698 


And  is  acute,  becaufe  the  oppofite  leg  ab  is  acute. 

To  find  the  hypothenufe  Ac      (523) 

As  Radius             —     ■    ■          ==  90*  oo'  10,00000 

To  cofi  either  leg  ab     —       =  54    43  9,76164 

So  cof.  other  leg    cb      —       —  \z     iz  9,86970 

To  cof.  hypoth.  ac     —      r=  64    40  9.63134 

And  is  acute,  as  the  legs  are  of  the  fame  kinds 


54< 


SPHERICS. 


i6"i 


54.4.  Exam.  VI.     In  the  right  angled  fpheric  triangle  abc. 
Given  one  angle         a  =  48*  00'  In       '    A  ±h    reft 
And  the  other  angle  c  =  64  35   }    e<* 

CONSTRUCTION. 

To  put  either  legt  as  CB,  en  the  primitive  circle. 


Having  defcribed  the  primitive  circle,  and  drawn 
the  right  circle  ob. 

j  Then  (461)  defcribe  the  oblique  great  circle 
cad,  cutting  the  primitive  circle  in  the  given 
angle  c,  and  the  right  circle  ob  in  the  given  angle 
A. 

The  fides  are  to  be  meafured  by  art.  446, 


Computations. 

To  find  the  leg  cb.      (524) 

As  fin.  Z.  adj.  req.  leg,  c         es  64*  35' 
To  Radius       '     •  =90    00 

So  cof  other  angle      a        =  48    00 

To  cof.  of  its  ©p.  leg  cb        —42    12 
And  is  acute,  becaufe  the  oppofite  Z,  is  acute. 
To  find  the  leg  ab.     (524) 

As  fin.  Z.  adj.  req.  leg,  a         =  48*  oo' 
To  Radius  -  =  90    00 

$0  cof.  other  angle      c        s*  64    35 

To  cof.  of  its  op.  leg  as        =  54    43 

And  is  acute,  becaufe  the  oppofite  Z-  is  acute. 


0,04421 

10,00000 

9,82551 

HI  I 

9,86972 


0,12893 

10,00000 
9,63266 

9,76159 


To  find  the  hypothenufe  AC.     (525) 


As  Radius 


90*  co' 


To  cot.  either  angle,  as  a         =  48    00 
So  cot,  other  angle,  as  c      .  =  64    35 

To  cof.  hyppth.  ac         =64    40 


IO,O0O0<S> 

9>95444 
9,67627 

»        ■    "'" 
9,63131 


Aad  i«  acute,  becaafe  the  angles  arc  both  acute*  or  alike. 
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545.  Exam.  VII.     tn  the  quadrarital  triangle  abc. 
Given  the  quadrantal  fide  AC  =  900  00' ') 

An  adjacent  angle     a  =  42    12  >  Required  the  ref|. 
And  the  oppoiite  angle  b  ==  64  40  j 

Construction. 

¥0  put  the  quadrantal  fide  on  the  primitive  circle. 

p^  Having  defcribed  the  primitive  circle,  and  drawn 

/"""T^""^         the  diameters  ad,  EC,  at  right  angles. 

f  • .:  \      >.  Defcribe  the  oblique  circle  abd,  making  with  I 

f  ^*-£-~r~£s    \    AC  an  angle  of  420  12'..  (+51)' 

<t?l<^Z. |i./;.#C!^c     Thro'  c  defcribe  a  great  circle  cbe,  cutting  the 

r^^£_Jri_J>-^y    circle  abd  in  an  l_  of  640  40'.  (45°) 

\         aV   J'B  J         Then  is  abc  the  triangle  fought. 
X^-;'  \/y^  The  angle  cis  to  be  meafurea  by  art.  448. 

j}  And  the  fides  ab,  cb  are  meafured  by  art.  446. 


Computation. 

. 

Imagine  the  given  triangle  ABC  to  be  changed  into  a  right  angled  tri- 
angle, where  the  fupplement  of  the  angle  B  is  to  reprefent  the  hypothe- 
nufe,  and  the  angle  a  to  be  one  of  the  legs. 

Then  will  the  folution  fall  under  art.  510,  511,  512,  in  the  table; 
and  the  numeral  computations  will  be  the  fame  as  in  Ex.  I.  Obferving 
that  the  angles  there  found  are,  in  this  example,  the  meafures  of  the  fides 
AB,  CB  ;  and  the  fide  ab  in  that  example  ftands  for  the  angle  c  in  this. 

Now  in  determining  the  value  of  the  parts  of  this  triangle,  as  thejn 
arife  in  the  computation  ;  the  words  like  and  unlike  are  to  be  changed  one 
for  the  other,  where  the  hypothenufe  is  concerned  in  t.he  determination : 
Thus  the  leg  ab  is  taken  acute,  becaufe  the  fupplement  of  the  angle  op- 
pofite  to  the  quadrantal  fide,  which  is  here  ufed  as  the  hypothenufe,  is  un- 
like to  the  other  given  angle ;  and  its  oppofite  angle  c  is  to  be  acuta 
for  the  fame  reafon  :  But  the  kind  of  the  fide  Be  being  known  by  the 
kind  of  its  oppofite  angle  a,  it  fliuft  be  taken  acute,  as  the  oppoiite 
angle  is  acute. 

In  the  conftruc"Hoh  there  arifes  two  triangles,  either  of  which  will  an- 
fwer  the  conditions  in  the  example  :  For  the  fmall  circle  defcribed  about 
?,  the  pole  of  the  oblique  circle  abd,  cuts  the  diameter  ad  in  the  pointi 
ti%  b  ;  and  either  of  thefe  points  may  be  taken  for  the  pole  of  the  oblique 
circle  wanting  to  compleat  the  triangle. 

Now  if  a  be  taken  for  the  pole,  then  in  the  triangle  abc,  the  mea- 
fure  of  the  things  fought,  will  be  equal  to  thofe  arifing  from  the  com 
putation  :  But  the  angle  b  is  the  fupplement  of  what  is  given. 

And  if  b  is  taken  for  the  pole  ;  then  the  triangle  abc  will  arife  fron 
the  conftrucYion ;  wherein  the  angles  a.  and  b  are  respectively  equal  t< 
what  is  propounded;  But  then  the  fide  ab,  and  the  angle  c,  wil 
both  be  obtufe. 
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the  conflruftion  and  numeral  folution  of  the  cafes  of  oblique  angled 
fpheric  triangles, 

546.  Exam.  I.     In  the  oblique  angled  fpheric  triangle  abc. 
Given  the  fide  ab  =  114*  30'  ~l 

the  fide  bc  =r    56  40   >  Required  tke  reft. 

And  an  angle  pppofite  to  one  fide  bca  =125   20  3 

Construction. 

•  To  put  the  given  fide,  adjacent  to  the  known  angle,  on  the  primitive  circle, 

Defcribe  the  primitive  circle,  and  draw  the  di- 
meter BD. 

Make  bc  equal  to  the  fide  adjacent  to  the  given 
ngle  =  56°  40'.  3. ...-.,  (446) 

'  Defcribe  the  great  circle  cae,  making  the  angle  —A 
ca  equal  to  the  given  one,  =r:  1250  20'.    (451) 
Thro5  b  defcribe   a  great  circle   bad,  cutting 
ae  in  a,  at  the  diftance  of  ab  the  other  given 
de  from  b,  =  ii4°3o'.  -  (456) 

i   Then  abc  is  the  triangle  fought. 
:  And  the  parts  required  are  meafured  by  art.  446, 


448. 


Computations. 
To  find  the  angle  a,  oppofite  to  the  other  given  fide.     (527) 
is  fin.  onelide  ab  =:  1 14°30/  0,04098") 

"ofin.  op.  Z.    c  =   56  40    9,92194  J      Which  may  be  either  acute  or  ob- 
;ofin.  oth.fide  cb=  IZ5  20  9,91158  )>tufe  from  the   things  jiven  :  But  the 

J  conftruftion  (hews  it  to  be  acute. 

"o  fin.  op.  z.    a—    48    31    9,874 50 J 

To  find  the  angle  B  between  the  given  fides.    (528) 


M  Rad  —   90°  00'  1 0,00000 

ft?  tan.  giv.  Z.c  =  125   20   10,14941 
ocof.adj.  fid.Bcrz    56  40     9.73997 

"o  cot.  m  =127  46     9,88938 

'  And  is  obtufe,  as  the   given  angle 
nd  its  given  adjacent  fide  are  unlike. 


Ascot. S.ad.g.Z.,Bc:=  56°4o'  0,18196 
Tocot.  oth.  iide  ABrri  14  30  9,65870 
So  cof.  m  =127469,78707 


To  cof.  n 


±=  6454  9,62775 


Which  is  acute,  being  unl.  fide  opp, 
given  Z.,  that  Z.  being  obtufe. 
Then  as  the  given  fides  are  unlike,  the  cliff",  of  m  and  n,  or  620  qz'  zzz  Z.B. 


To  find  the  other  fide  AC      (529) 


is  Rad  zz  90^00'  10,0000c 

"0  cof.  giv.  z.  c  — 125  20     9,76218 
0  tan.  adj.  fid, bc  zz  5640    10,18196 


o  tan. m 


=  138  41    9,94414 


md  is  cbtufe,as  Z.C  and  csare  unlike. 


Ascof.S.ad.g.Z.,Bc=:  56°4o'  0,26002 
To  cof.  oth.fid.  ab=ii4  30  9,61775 
So  cof.  m  =13841    9,87568 


To  cof.  N 


55  2S    9»7534S 


And  is  acute,  being  unl.  ab,  as  above. 


Then  as  bc  and  ba  are  unlike,  the  diff.  of  m  and  n,  or  830  13'  =  ac. 

Y  2  547* 
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547.  Exam.  II.     Jn  the  oblique  angled  fpheric  triangle  ABC. 

Given  tt  :$         ta = ,f;  I*'  1  ^  ^ 

And  the  fide  oppofits  to  one  angle,  ab  =  114   30  3         * 

^Construction. 

To  put  the  given  fide  AB  on  the  primitive  circle.. 

Defcribe  the  primitive  circle,  draw  the  diame- 
ter da  i  and  thro'  a  defcribe  the  great  circle  acd 
making  the  given  angle  bac  =  480  31'.       (45x< 
Make  the  arc  AB  equal  to  the  given  fide 
]AW4*  30'  (446);  an^  draw  the  dian%  be. 

Thro'  b,  defcribe  the  great  circle  bce,  cutting 
acd  in  an  angle  equal  to  the  given  angle  bca  ; 
125°  20'.  (458, 

Then  is  acb  the  triangle  fought, 
^nd  the  parts  required  are  to  be  meafured  by  art.  446*  448* 

Computation. 

To  find  the  fide  oppofite  the  other  given  angle,      (530) 
As  fin.  one  z.     e.  —\zs°  20'  0,08841") 
To  fin.  op.  fide  a b  =114   30  9,87457  [      Which  may  be  either  acute  or  ob 
So  fin.  oth.  Z.    a  zz.  48    31   9,95902  )-tufe  from  what  is  given.     But  the  conjl 

I  ftrudtion  fhews  it  to  be  acute. 

To  fin.  op.  fide  bc  =   56.  40  9,92200^ 


To  find  the  fide  AC  between  the  given  angles.    (531) 


As  Rad  —  qo°  oo'  10,00000 

Tocof.  Z.ad.g.S.A=  48   31      9,82112 
So  tan.  gn.  S.  ab=U4  30   10,34129 

To  tan.  m  =  124  32   10,16241 

And   is  obtufe,  being  unlike  4.  a, 
..as  ab  is  greater  than  90 


Ascot  Z.ad.g.S.A=  48°  31'  0,0534! 
To  cot.  oth.  4.  0=125  20    9,8505 
So  fine  m  =124  3  2  „,  9,9 1 58 


To  fine  n 


=  41   20    9,819s1 


Which  may  be  either  acute  or  ob 
tufe  ;  either  410  20',  or  138°  40'. 
Then  as  the  given  angles  are  unlike,  the  diff.  of  m  and  n,  or  83°  izf,  is  tilt 
fide  ac. 


To  find  the  other  angle  abc.      (532) 

AsRad  ^5  90*00' 10,00000     Ascof. z.ad.g.S.Ar=  48°3i/  0,178? 

Totan.Z,ad.g.S,A==  48  31    10,05319     To  cof.  oth.  4^  0=125  20    9,7621: 


So  cof.  g.  fide  ab=h4  3°     9,61773 


*To  cot.  m 


:  1 1 5  07      9,67092 


And   is   obtufe,  being  unlike  Z.,  a, 
as  its  adj.  fide  ab  is  greater  than  90° 


So  fine  m 
To  fine  n 


=  115  07    9,9568 
=  52  »4    9>s979 


Which  may  bc  either  acute  or  ol 
tufe. 


Then  as  the  given  angles  are  unlike,  the  diff,  of  m  and  n,  or  6-°  $1',.  is  tl 
*ng!e  B  required. 
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548.  Exam.  III.     In  the  oblique  angled  fpheric  triangle  abc. 
Given  the  fide  ab  =2  1140  30'  } 

the  fide  bc  =    56    40  V Required  the  reft. 

And  the  contained  angle  abc  —    62    52  3 

Construction. 
To  put  either  of  the  given  fides,  as  bc,  on  the  primitive  circle. 
Defcribe  the  primitive  circle,   draw  the  dia- 
neter  bd  5  and  thro'   b   defcribe  a  great  circle 
bad,  making  the  given  angle  abc  —  62*  52'. 

_      t      .    '  (450  U 

On  the  circles  bcd,  bad,  take  the  arcs  bc, 
BA,  refpectively  equal  to  the  given  fides,  viz, 
8C  =  56*  40%  and  ba  =  1140  30'.  (446) 

Draw  the  diameter  ce,  and  thro'  c,  a,  e,  de- 
"cribe  the  great  circle  cae  ;  then  abc  is  the  triangle  fought. 
The  required  parts  of  abc  are  meafured  by  art.  446,  448. 
Computation. 
To  find  the  angle  c.     (533) 
As  Rad  ~  qo0oo'  1 0,00000 ~) 

To  cof.  gn.  A.    b=  62  52    9,65902  J  Obtufe,  being  like  fide  op.  req.  Z,  ; 
>ot.  S.op.re.Z,AB:=i  14  30  10,34129  V  The  given  angle  being  acute. 

I  Take  the  diff.    between   m  and  bq, 

To  tan.  m  ='34  59  10,00031  '  and  'tis  780  19',  call  it  n. 

As  fine  n  =3  780  19'  0,00909*^ 

To  fine  m  "— ^34  59    9,84961  J  And  is  obtufe,  being  unlike  the  given 

So  tan.  gn.  Z.      B=  62  52  10,29034  jangle,  becaufe  m   is  greater  than  bc, 

j  the  fide  adjacent  to  the  required  angle. 

?   21   io,i4go4J 


To  tan.  req.  Z.   c=i 

■-        '■  '  * 

As  Rad  : 

To  cof.  gn.  Z.     b: 
Sot.  S. op. re.  Abc: 


-  To  tan.  of 


M  — 


To  find  the  angle  a.     (533) 
900  oo'  10,00000^ 

62  52     9,65902  I  Acute,  being  like  fide  op.  req. 
56  40   10,18196  iThe  given  angle  being  acute. 

— — —  [Take  the   diff.  between 

34  44     9,84098     and  'tis  790  46',  call  it  n. 


Z.. 


/een   m   and   ba, 


As  fine  n 
Tq  fine  m 
50  tan.  gn.  Z.  b 

To  tan  req.  Z.A 

1  


790  46'   0,00696""} 

34  44     9,75569  J  And   is  acute,   being  like  the  given 

62  52   10,29034  jangle,  as  m  is  lefs  than  ab,  the  fide 

adjacent  to  the  required  angle. 

r=  48  29   10,05299^ 


As  Rad  : 

To  cof.  gn.  Z.  b: 

-  Sotan.eith.  S.  ae: 

.•   To  tan.  m  : 


To  find  the  other  fide  AC     (534) 


90 
62 


00'  10,00000 
52  9,65902 
30  10,34129 


1 34  59  10,00031 


Gbtufe,  being  like  ab  the  f. de  ufed, 
becaufe  the  given  angle  is  acute. 
Then  the  diff.  m  and  bc,  or  78*  io/v  —  n. 


:  HA- 


As  COl.  M 

To  cof.  N  =78 

So  cof.  S.ufed  ab— 1 14 


59  0.15304 
19  9,30643 
30    9,61773 


To  cof.  S.  req.  ac=  83    1 1    9,07480 


And    is  acute,  being  like  n  ;    be- 


caufe the  given  angle  is  acute. 
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549.  Exam.  IV.     In  the  oblique  angled  fpheric  triangle  abc. 
Given  the  angle  bca  =  125*  20'  J 

the  angle  bac=    48   31  S- Required  the  reft. 

And  the  included  fide     ac  =    83    13  3 
Construction. 
To  put  the  given  fide  on  the  ■primitive  circle. 

Defcribe  the  primitive  circle,  draw  the  diame- 
ter ad  ;    and  thro'  a    defcribe  the   great  circle 
ABD,  making  the  given  Z.B AC  =;  48*3 J '.    (45IJF 
Make  ac  equal  to  the  given  fide  =  83'  13'. 

!A  .  .(4461 

Draw  the  diameter  ce,  and  thro'  c  defcribe  the) 

great  circle  cbe,  making  the  given  angle  bca| 

z=.  I25-  2o'  (451),  cutting  abd  in  b. 

Then  is  abc  the  triangle  fought. 

And  the  parts  required  are  meafured  by  art.  446,  448. 

Computation. 

To  find  the  fide  ax.     (535) 

As  Rad  — :  90" oo'  io,ooooo~) 

To  cof.  gn.  fideAC=  83   13     9,07230  j  Obtufe,  being  like   Z.   op.   fide   req 
Sotan./.op.r.S.c=i25   20  10,14941  (the  given  fide  being  acute. 

■1  1  Take   the  difF.  between  m  and  Z.  a 

To  cot.  m.  ==  99  28     9,22171  :  and  it  is  500  57';  call  it  n. 

As  cof.  n  =  500  57'  0,20066"} 

To  cof.  m  =  99  28  9,21610]  And  is  obtufe,  being  unlike  b,  becaufi 

So  tan.  gn.  fid.  ac=  83   13   10,92464  )-the  angle  oppofite  to  the  fide  require* 

■ J  is  obtufe. 

To  tan.  req.  fid. ab=i  14  30  1C34T40J 


To  find  the  fide  BC,       (535) 
As  Rad  rr  900  oo7  \ 0,00000^ 

Tocof.  gn.fid.AC=  83   13      9,07230  J  Acute,  being  like  Z.  op.  fide  required? 
Sotan.Z.op.r  S.a=  48  31     10,05345  vthe  given  fide  being  acute. 

■» :  Take  the  difF.  between  m  and  Z.  c  | 

To  cot.  of  m       sr  82  .23      9,12575     and  'tis  420  57',  call  it  n. 

As  cof.  n  rs  420  57'  0,13552^) 

To  cof.  m  z=  82  23    9,12236  I  And  is  acute;  being  like  n  ;  becaufo 

So  tan.  gn.  fid.  ac=  83   13  10,92464  }>-the  angle  a    oppofite  to  bc,  the  fidi 

■■  j  required,  is  acute. 

To  tan.  req  iid.Bc=  56  41  jo,i8252j 


As  Rad  =  900  oo'  10,00000 

To  cof.  gn.fid.  ac=   83    13     9,07230 
Sotan.eith.  Z,  c  =125  20  10,14941 


To  find  the  other  angle  b.     (536) 


To  cot.  m 


99  28    9,22171 


Obtnfe,  being  like  Z.  c  here  ufed  : 
Becaiife  the  given  fide  is  acute. 

Take  difF.  of  m  and  Z.  A,  viz.  420 
57',  and  call  it  n. 


As  fin.  m  ==  99*  28'  0,00591 

To  fine  n  :=  50   57    9,890)<    v 

So  cof.  Z.  ufed,  0=125    20  9,7621) ,  ■< 

To  cof.  req.  Z.  b=  62    53    9,6583: 

And  is  acute,  being  unlike  the  angli'1 
c  here  ufed,  as  m  is  greater  than  the  I 
other' angle  a. 
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550.  Exam.  V.     In  the  oblique  angled  fpheric  triangle  abc. 
Given  the  fide  ab  =  ii4#  30'  1 

the  fide  ac=    83    13  >  Required  the  reft, 
the  fide  bc  ==    56   40  3 

Construction. 

To  put  either  Jide,  as  AC,  on  the  primitive  circle. 

Defcribe   the  primitive  circle,    and   from  any 

oint  in  the  circumference,  as  a,  fet  off  one  of 

he  given  fides,  as  AC,  =  83*  13'  (446)5  and 

raw  the  diameters  ad,  ce. 

About  c,  as  a  pole,  and  at  a  diftance  equal  to"0 

he  given  fide  bc,  =  56'  40',  dcfcribe  a  fmall 

;ircle«B.  (456) 

About  A,  as  a  pole,  and  at  a  diftance  equal  to 

le  given  fide  ab  (when  ab  is  lefs  than  90*)  de- 

:ribe  another  fmall  circle  m  B  (456),  cutting  the  former  in  b  :  But  when 

lie  fide,  as  ab  — =  1140  30',  is  greater  than  90*  j  then  about  d,  the  op- 

iDfite  pole  to  a,  defcribe  a  fmall  circle  with  the  fupplement  of  ab,  as 

,:b,  cutting  the  former  fmall  circle  n  b  in  b. 

Thro'  the  points  a,  b,  d,  and  c,  b,  e,  defcribe  the  great  circles  abd,  cbe. 

'hen  is  abc  the  triangle  fought.    And  the  angles  are  meafured by  art.  448. 

Computation. 

To  Jind  the  angle  c.     (527. 

Ar.  Co.  fin.  e 


;tereAc=E=  83°i3/ 
ci=f=i  56  40 

AB=C=II4  30 

■    C — TZ=.D-z    26  33 


O-f*0—      H1  °3 


j— d=        87  57 


70°3i|/=|fum 


f358|=|difF. 


Ar.Co.  fin.  r 
Sin  f  fum 
Sin.  \  diff. 


=  83°  13'  0,00305 

:=  56   40    0,07806 

3 if  9»9744i 
5819,84158 


=  70 

=  43 


Sum  of  the  four  Logs  1 9,897 1  o 

I  fum  gives  6z°  39I'  9,94855 

Which  doubled  gives  12c  °«q'  —  Z-C. 


iere  as^ehzi^^o' 
ac=tf=  83  13 
.11       » 
ic=cr=  56  40 

E— F  =  D  =  31    17 


To  jind  the  angle  A.     (527) 


G+D=  87  57 

C — D=  25  23 


B'sSf^lnim 


12  4if=rf  difF. 


Ar.  Co.  fin.  e  =114°  30'  0,04098 

Ar.  Co.  fin.  f  rr  83   13    0,00305 

Sin.  I  fum  =  43  58^  9,841 58 

Sin.  \  diff.  =  124119,34184 

Sum  of  four  Logs  19,22745 

~  fum  gives  240  \$\'  9,61372 

Which  doubled  gives  480  %\'  ==  Z.  a. 


,    To  Jind  the  angle  B. 
Here  a  e — e=i  i  40  30' 
bc=f=  56  40 


(527) 


ac: 

E — f: 


:c=  83  13 

-D=  57  5° 


c-f-nr=i4t  03 
c— -d—  Z5    23 


70*3  if '=£  fum 

12  41 1  =-|  diff, 


Ar.  Co.  iin.  e 
Ar.  Co.  fin.  f 
Sin.  -£  fum 
Sin  -*-  diff. 

Sum  of  four  Logs 


=  114°  30'  0,04098 
=  56  40  0,07806 
=  7°  3  ^  9-9744* 
=  »2  4*1  9.34134 


|-fum  gives  310  28'  9,71764 

Which  doubled  gives  6i°  56'  =  z.  b. 
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551.  Exam.  VI.     In  the  oblique  angled  fpheric  triangle  ABC* 
Given  the  angle  a  =    48°  31'  1 

the  angle  B  -=    62    52  >  Required  the  reft. 

the  angle  c  =  125    20  3 

Construction. 
To  put  either  two  angles,  as  c  and  B,  at  the  primitive  circle. 

Defcribe  the  primitive  circle,  draw  the  diameter 

Cd  and  EF  at  right  angles  to  one  another;  and  thrc 

B     c  defcribe  a  great  circle  cad,  making  the  angl 

bca  equal  to  the  given  angle  c  =  125*20'  (451 

p      Defcribe  a  great*  circle  bag,  cutting  the  give 

great  circles  cfd,  cad,   in  the  given  angles  { 

=  62*  52%  and  a  =  48"  31'.  (461 

Then  is  A  Be  the  triangle  fought. 

Wherein  the  fides  are  meafured  by  art.  446. 

Computation. 

To  find  the  fide  ab.     (528) 
I  Ar.  Co.  lin.  e 
Ar.  Co.  fin.  f 
Sin.  i  fum 
Sin.idiff. 


HereZ.B=E=62052/ 
/.az=zt~4$  31 


Sup. Z.cr=cr=54  40 

E F  =  D=I4  21 


C\-D      =6901 


140  19 


34°3o  ;'=:-•;  fum 


20  09I  ~-£diff. 


=  620  52'  0,0506 
=  48  31  0,1254 
=  34  3oi  9>7532 
=  2°  °9i  9>5373 


Sum  of  the  four  Logs  19,4666 

A  fum  gives  320  45^  9«7333ij 

Thefup.  of  its  double  is  1  i4°29'=ai 


To  find  the  fide  ac.    (528) 
•HereZ.c=E  =  i25°20/  Ar.  Co.  fin.  e       =125*  20'  0,0884 


Z-A  =  F=  48   31 


Sup.  Z.b=c=ii7  08 
$ — f=d=  76  49 


g-}-d=i93  57 


96*58;'=:zfum 


c — D=  40  ic  jo  09-*;  =^diff. 


Ar.  Co.  fin.  f       =  48    31    0,1254 
Sin.  -J-fum  =  96    584  9,9967 

Sin.  4;  difF.  ==    2009^9,5373 


Sum  of  four  Logs 
\  fum  gives  48*  25^ 


I9»7479_ 

9>8739i|  \ 


Thefup.  of  its  double  is  830  09'  =  cjd  : 


HereZ-c=E=i2  5°2o/ 
/Lb=f=:  62  52 


To  find  the  fide  bc.      (528) 


Sup.  Z.  a =0=131  29 

E— F  =  D=  62  28 

0+0=193  57 
c— D=  69  OJ 


36058£'=$fum 


34  30*=*  (Jiff. 


Ar.  Co.  fin.  e  ,r=i  250  20'  0,0884 

Ar.  Co.  fin.  f  —  62   52    0,0506 

Sin.  i  fum  —  96   58^  9,9967 

Sin.idiff.  =  34  3°i9>7532 

Sum  of  four  Logs  19,889c 

A  fum  gives  6 1°  39'  9»9445j 

The  fup.  of  its  double  is  560  42'=s- 
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GEOGRAPHY. 


SECTION     I. 

Definitions  and  Principles. 

£2.A">|EOGRAPHY  is  the  art  of  defcribing  the  figure,  rriagni- 
\Jf  tude,  and  pofitions  of  the  feveral  parts,  of  die  furface  of  the 
earth. 

553.  The  Earth  is  a  fpherical  or  globular  figure  *;  and  is  ufually 
•  lied  the  terraqueous  globe. 

554.  There  are  two  points  on  the  furface  of  the  terraqueous  globe, 
•lied  the  poles  of  the  earth,"  which  are  diametrically  oppoiite  to 
<ie  another;  one  is  called  the  north  pole,  and  the  other,  the  foutb pole. 

*  For  in  (hips  at  fea,  the  fir  ft  parts  of  them  that  become  vifible  are  the  upper 
lis  ;  and  as  they  approach  nearer,  die  lower  fails  appear ;  and  fo  on,  until 
t;y  (hew  their  halls. 

Alfo  mips,  in  failing  from  high  capes  or  head  lands,  lofe  fight  of  thofe  emi- 
Jnces  gradually  from  the  lower  parts,  until  the  top  vanifhes. 

Now  as  thefe  appearances  are  the  objects  of  oar  fenfes  in  all  parts  of  the 
«th, 

Therefore  the  furface  of  the  earth  muft  be  convex. 

And  this  convexity  is,  at  fea,  obferved  to  be  every  where  uniform. 

Bat  a  body,  whofe  furface  is  every  where  uniformly  convex,  is  a  globe. 

Therefore  the  figure  of  the  earth  is  globular. 

Z  In 
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In  order  to  defcribe  the  pofitions  of  pjaces,  Geographers  have  found 
it  neceflary  to  imagine  certain  circles  drawn  on  the  furface  of  the  earth, 
to  which  they  have  given  the  names  of  Equator,  Meridian,  Horizon., 
Parallels  of  latitude,  t°fc. 

555.  The  Equator  is  a  great  circle  on  the  earth,  equally  diftar\t^ 
from  each  pole,  dividing  the  terraqueous  globe  into  two  equal  parts ; 
one  called  the  northern  hemifphere^  in  which  is  the  north  pole ;  and  thje 
other  containing  the  fouth  pole,  is  called  the  foutbern  hemifpherc. 

556.  Meridians  are  imaginary  circles  on  the  earth,  pafting  thrq'.i 
both  the  poles,  and  cutting  the  equator  at  right  angles. 

Every  point  on  the  furface  of  the  earth  has  its  proper  meridian. 

557.  Latitude  is  the  diftance  of  a  place  from  the  equator,  reckdnedh 
in  degrees  and  parts  of  degrees  on  a  meridian. 

On  the  north  fide  of  the  equator  it  is  north  latitude;  and  on  the ;jj 
fouth  fide  it  is  fouth  latitude. 

As  latitude  begins  at  the  equator,  where  it  is  nothing;  fo  it  ends  atj, 
the  poles,  where  the  latitude  is  greateft,  or  90  degrees. 

558.  Parallels  of  latitude  are  circles  parallel  to  the  equator,  iji 
Every  place  on  the  earth  has  its  parallel  of  latitude. 
Difference  of  latitude  is  an  arc  of  a  meridian,  or  the  leaft 

diftance  of  the  parallels  of  latitude   of  two  places ;    (hewing  how  far* 
one  of  them  is  to  the  northward,  or  fouthward  of  the  other. 
The  difference  of  latitude  can  never  exceed  180  degrees. 

559.  In  north  latitudes,  if  about  the  middle  of  the  months  of  March  1 
and  September,  a  perfon  looks  towards  the  fun  at  noon,  the  fouth  hi 
before  him,  the  north  behind ;  the  weft  on  the  right  hand,  and  the  eafl 
on  the  left:  And  in  fouth  latitudes,  if  the  face  is  turned  towards  the)] 
fun,  at  the  fame  times,  the  north  is  before,  the  fouth  behind,  the  eafl 
to  the  right,  and  the  weft  on  the  left. 

In  latitudes  greater  than  234  degrees,  thefe  pofitions  found  at  noon, 
will  hold  good  on  any  day  of  the  year. 

560.  Longitude  of  any  place  on  the  earth  is  exprefled  by  an  arc  0 
the  Equator,  {hewing  the  eaft  or  weft  diftance  of  the  meridian  of  tha 
place  from  fome  fixed  meridian  where  longitude  is  reckoned  to  begin. 

561.  Difference  of  longitude  is  an  arc  of  the  equator  inter?.! 
cepted  between  the  meridians  of  two  places,  fhewing  how  far  one  p  k 
them  is  to  the  eaft  ward,  or  weft  ward  of  the  other. 

As  longitude  begins  at  the  meridian  of  fome  place,  and  is  counter  i 
from  thence  both  eaft  ward  and  weft  ward,  till  they  meet  at  the  fame  I! 
meridian  on  the  oppofite  point ;  therefore  the  difference  of  longitude  car  m 
never  exceed  180  degrees. 

562.  Whan  two  places  have  latitudes  both  north,  or  both  fouth ;  0 
have  longitudes  both  eaft,  or  both  weft;  they  are  faid  to  be  of  the  fame 
or  of  like  name  :  But  when  one  has  north  latitude,  and  the  other  fouth 
or  if  one  has  eaft  longitude,  and  the  other  weft,  then  they  are  faid  t< 
have  contrary,  or  different,  or  unlike  names. 

563.  The  Horizon  is  that  apparent  circle  which  limits,  or  bound 
the  view  of  a  fpeclator  on  the  fea,  or  on  an  extended  plain ;  the  eye  0 
the  fpeclator  being  always  fuppofed  in  the  centre  of  his  horizon. 

Whei 
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When  the  fun  or  ftars  come  above  the  eaftcrn  part  of  the  horizon, 
they  are  faid  to  rife;  and  when  they  defcend  below  the  weftern  part, 
they  are  faid  to  fet. 

When  a  fhip  is  under  the  equator,  both  the  poles  appear  in  the  ho- 
rizon ;  and  in  proportion  as  fhe  fails  towards  either,  or  increafes  her  la- 
titude, that  pole  is  feen  proportionally  higher  above  the  horizon,  and 
the  other  difappears  as  much  :  But  when  a  fhip  is  failing  towards  the 
equator*  or  decreafes  her  latitude,  fhe  deprefles  the  elevated  pole;  that 
is,  its  diftance  from  the  horizon  decreafes. 

Of  the  divifion  of  the  earth  into  Zones, 

'  564.  A  Zone  is  a  broad  fpace  on  the  earth,  included  between  two 
parallels  of  latitude.. 

There  are  five  zones  ;  namely,  one  Torrid,  two  Frigid,  and  two 
Temperate :  Thefe  names  arife  from  the  quality  of  the  heat  and  cold  to 
which  their  fituations  are  liable. 

565.  The  Torrid  Zone  is  that  portion  of  the  earth,  over  every  part 
>f  which  the  fun  is  perpendicular  at  one  time  of  the  year  or  other. 

I  This  zone  is  about  47  degrees  in  breadth,  extending  to  about  234^ 
legrees  on  each  fide  of  the  equator ;  the  parallel  of  latitude  terminating 
he  limits  in  the  northern  hemifphere  is  called  the  Tropic  of  Cancer ; 
nd  in  the  fouthern  hemifphere,  the  limiting  parallel  is  called  the  Tropic 
f  Capricorn. 

566.  The  Frigid  Zones  are  thofe  regions  about  the  poles  where 
he  fun  does  not  rife  for  fome  days,  nor  fet  for  fome  days  of  the  year. 

Thefe'  zones  extend  round  the  poles  to  the  diftance  of  about  23^  de- 
crees: That  in  the  northern  hemifphere  is  called  the  north  frigid  zone, 
nd  is  bounded  by  a  parallel  of  latitude  called  the  Artie  polar  circle  ;  and 
he  other  in  the  fouthern  hemifphere,  the  fouth  frigid  zone,  the  parallel 
>f  latitude  bounding  it  being  called  the  Antartic  polar  circle. 

567.  The  Temperate  Zones  are  thofe  fpaces  between  the  Torrid! 
nd  the  Frigid  zones. 

Of  the  divifion  of  the  earth  by  Climates. 

:  568.  A  Climate,  in  a  geographical  fenfe,  is  that  fpace  of  the  earth 
ontained  between  two  parallels  of  latitude,  where  the  difference  be- 
ween  the  longeft  day  in  each  parallel  is  half  an  hour. 

Thefe  climates  are  narrower  the  farther  they  are  from  the  equator; 
lerefore,  fuppofing  the  equator  the  beginning  of  the  firft  climate,  the 
olar  circle  will  be  the  end  of  the  24th  climate ;  for  afterwards  the  longeft 
iay  increafes  not  by  half  hours,  but  by  days  and  months. 
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Of  the  natural  divijion  of  the  Earth. 

■ 

569.  By  the  natural  dtvifion,  of  the  earth  is.  meant  the  parts  on  itf. 
furface  formed'  by  nature  ;  fuch  as  Continents,  Oceans,  IJJands,  Seas% 
Rivers,   Mountains,    &c. 

The  furface  of*  the  earth  is  naturally  divided  into  Land  and  Water. 


Yx 


Continents.  4.  Ifthmus's. 

Land   is  divided  into  \   2.  Iflands.  5.  Promontories.. 

Peninfuhs.  6.  Mountains. 


f    1.  Oceans.  4.  Straits. 

Water  is  divided  into   <    2.  Seas.  5.  Lakes. 

L    3.  Guh%.  6.  Rivers. 

570.  A  Continent,  or,  as  it  is  frequently  called,  the  Terra  Finns, 
or  main  land^  is   a  very  large  tract,  comprehending  feveral   contiguous.! 
Countries,  Kingdoms  and  States. 

57;i;.  An  Ocean  is  a  vail  collection  of  fait- water,  feparating  the', 
continents  from  one  an-oiher,  and  waffling  their  borders  or  fhores. 

572.  An  Island  is  a  part  of  dry  land  furrounded  with  water. 

573.  A  Sea  is  a  branch  of  the  Ocean,  flowing  between  fome  parts -oi  •- 
the  continent,  or  feparating  an  Ifland  from  the  Continent. 

574.  A  Peninsula  is  a  part  of  dry  land  encompailed  by  water,  ex-jfl 
cept  a  narrow  neck  which  joins  it  to  fome  other  land. 

575.  An  Isthmus  is  the  neck  joining  the  peninfula  to  the  adjacent  ; 
land,  and  forms  the  paiTage  between  them. 

576.  A  Mountain  is  a  part  of  the  land  more  elevated  than  the  ad. 
jacent  country,  whereby  it  is  feen  at  a  greater  diftance  than  the  neigh-    1 
bauring  lower  lands. 

577.  A  Promontory  is  a  mountain  ftretching  itfelf  into  the  feajfl 
the  extremity  whereof  is  called  a  Cape,  or  Head-land. 

578.  A  Hill  is  a  fmall  kind  of  mountain:  A  Cliff  is  a  fteep  fliorer ' 
hill,  or  mountain :  And  Rocks  are  great  ftones  rifmg  like  hills  above  thel  1 
dry  land,  or  above  the  bottom  of  the  fea. 

579.  A  Gulf  or  Bay  is  a  part  of  the  Ocean  or  Sea  contained  be- 
tween two  mores ;  and  is  every  where  environed  with  land  except  it: 
entrance,  where  it  communicates  with  other  Bays,  Seas  or  Oceans. 

580.  A  Strait  is  a  narrow  paflage,  by  which  there  is  a  communi- 
cation between  a  Gulf  and  its  neighbouring  fea,  or  joining  one  part  pi 
the  fea  or  ocean  with  another. 

581.  A  Lake   is  a  collection  of  Waters  contained  in  fome  hollov 
or  cavity  in  an  inland  place,  of  a  large  extent,  and  every  where  fur    i 
rounded  with  land ;  having  no  vifible  communication  with  the  Ocean.    ! 

582.  Rivers  are  frreams  of  Water  flowing  chiefly  from  the  Moun- 
tains, and  running  in  long  narrow  channels  or  cavities  thro'  the  lan< 
till  they  either  fall  into  the  fea,  or  into  other  rivers,  which  at  laft  difcm 
bogue  or  juii  into  the  fea. 
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583.  There  are  generally  reckoned  four  Continents,  namely,  Eu- 
rope, Asia,  Africa,  and  America. 

To  thefe  may  be  added  two  others,  one  called  the  Terra  artica,  or 
■lorthern  continent,  and  the  other  the  Xerra  antartica,  or  fouthern  con- 
inent. 

The  continent  of  America  is  ufually  divided  into  two  parts,  called 
lorih  and  fouth  America., 

The  Terra  crtica,  with  Europe  and  Afia,  lie  all  within  the  northern 
lemifphere  j  and  alfo  parts  of  Africa  and  America :  The  other  parts  of 
Ihefe  two  continents,  together  with  the  Terra  antartica,  lie  in  the  fo,u- 
hern  hemifphere. 

584.  There  are  five  Oceans,  namely,  the  Northern,  the  Atlan- 
tic, the  Pacific,  the  Indian  and  the  Southern. 

The  Atlantic  ocean  is  ufually  divided  into  two  parts,  one  called  the 
orth  Atlantic  ocean,  and  the  other  the  fouth  Atlantic,  or  Ethiopic  ocean. 

;  The  Northern  ocean  ftretches  to  the  northward  of  Europe,  Afia  and 
America,  towards  the  north  pole. 

•  The  Atlantic  ocean  -lies  between  the  continents  of  Europe  and  Africa 
n  the  eaft,  and  America  on  the  wreft. 

That  part  of  the  north  Atlantic  ocean  lying  between  Europe  and  A-> 
Jierica  is  frequently  called  the  JVeJlern  ocean. 

The  Pacific  ocean,  or,  as  it  is  fometimes  called,  the  South  Sea,  is 
jounded  by  the  weftern  and  north  weft  mores  of  America,  and  by  the 
iaftern  and  north  eaft  fhores  of  Afia. 

The  Indian  ocean  wafhes  the  fhores  of  the  eaftern  coafts  of  Africa, 
nd  the  fouth  of  Afia  ;  and  is  bounded  on  the  eaft  by  the  Indian  iflands 
nd  the  fouthern  continent.  • 

The  Southern  ocean  extends  to  the  fouthward  of  Africa  and  America 
)ward  the  fouth  pole. 

The  northern  and  fouthern  continents  not  being  fufficiently  known 
).  Geographers  ;  all  that  need  be  faid  of  them,  is,  that  the  Terra  Artica, 
r  land  to  the  northward  of  Hudfon's  bay  and  Greenland,  is  too  cold  for 
le  refidence  of  mankind  j  and  that  part  which  is  known  of  the  Terra 
.ntartica,  namely,  New  Guinea,  New  Holland,  C3V,  appears  to  be  very 
arren,  and  the  natives  very  little  fuperior  to  brutes. 
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585.  By  the  political  divifion  of  the  earth,  is  meant  the  differed 
Countries,  Empires,  Kingdoms,  States,  and  other  denominations  eftahJ 
blifhed  by  men,  either  by  the  ambition  of  tyrants,  or  for  the  fake  0:  J 
good  government. 

OF    EUROPE. 

Europe  is  bounded  on  the  north  by  the  northern  or  frozen  ocean  ;  or  \ 
the  eaft  by  Ana ;  on  the  fouth  by  the  Mediterranean  fea,  feparating  Ea-.  j 
rope  from  Africa  j  and  by  the  north  Atlantic  or  weftern  ocean  on  thq  I 
weft:  It  lies  between  the  latitudes  of  36  and  72  degrees  of  north  lati* 
tude  ;  and  between  the  longitudes  of  10  degrees  weft,  and  65  degrees  eaf  H 
from  London  ;  is  about  3000  miles  long,  reckoning  from  the  N.  E.  tcl 
the  S.  W.  and  about  2500  miles  broad. 

586.  The  countries,  their  pofition  with  regard  to  the  middle  parts  0  I 
Europe,  the  chief  cities,  principal  rivers  with  their  courfes,  and  the  mof 
noted  mountains,  and  what  quarter  of  the  country  they  are  in,  are  ex'fl 
hibited  in  the  following  table ;  where  E  ftands  for  empire,  K  for  king- 
dom, R  for  republic,  Nd.  for  northward,  &c. 


Countries. 

Pofition. 

E.  Turky 
K.  Poland 

S.  E. 
Mid. 

E.  Mufcovy 

N.  E. 

K-  Sweden 
K.  Norway 
K.  Denmark 

N. 
N.  N.  W 

N.  W. 

K.  Hungary 
E.  Germany 

Mid. 
Mid. 

Italy 

S. 

R.  Switzerland 
Netherlands 
R.  Dutchland 

Mid. 

w. 

w. 

JC.  France 

w. 

K.  Spain 

S. 

Chief  Cities. 


K.  Portugal 
K.  England 
K.  Scotland 
K.  Ireland 


S.  W. 

W. 

W. 

w. 


Conftantinople 

Warfaw 
C  Mofcow 
(  Peter/burg 

Stockholm 

Bergen 

Copenhagen 

Prefburg 

Vienna 

Rome 

Bern 

BrufTels 

Amfterdam 

Paris 

Madrid 

Lifbon 

London 

Edinburg 

Dublin 


Rivers. 


Courfe. 


Danube    | 

Viftula 

Wolga 

Neiper 

Dalecarlia 

Glama 

Danube 

Danube 

(Po 

I  Tyber 

Rhine 

Maefe 

Rhine 

C  Loire 

\  Rhone 

Tagus 

Tagus 

Thames 

Forth 

Shannon 


E, 
N.  N.  W 
E.  to  S. 
S. 
E. 
S. 

S.  E. 
E. 
E. 

S. 

w. 

N. 
N.  N.  W 
,  toW. 
S. 

w. 
w. 

E. 

E. 

S.  w. 


N 


Mountains. 


Argentum  Nd.    j 
Carpathian  Sd.  - 
Boglowy      Sd: 
Riphean      Nd. 
Dofrine      Wd. 
Dofrine       Ed. 

Carpathian  Nd. 
Alps  Sd.- 

Alps  NdJ 

Apennine  Mid , 
Alps  Sd 

J 

Pyrenees  S.w" 
Alps  Ed 

Pyrenees  N.  E 
C.  Rocca  W". 
Malvern  N.W 
Grampian  Nd 
KnockpatricW, 


There  are  in  Europe  four  Kingdoms  befide  thofe  enumerated  above 
but  they  are  contained  in  the  forenamed  Countries. 

The  Kingdom  of  Pruflia,  which  is  part  of  Poland  j  the  King's  reh 
dence  is  at  Berlin  a  city  in  Germany. 
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The  Kingdom  of  Bohemia,  a  part  of  Germany  ;  the  ch.  city  is  Prague. 
The  Kingdom  of  Sardinia,  an  Italian  ifland ;  the  king  refides  at  Turin 
city  in  Italy. 

The  Kingdom  of  the  Sicilies,  appending  to  Italy ;  the  king  refides  at 
aples  a  city  in  Italy. 

In  fome  of  the  forenamed  countries,  are  feveral  dominions,  indepen- 
nt  one  of  the  other  j  particularly  in  Germany  and  Italy. 
The  principal  ftates   in  Germany  are  the  following  1 2  :    Where  D 
mds  for  dutchy,  El.  for  electorate,  P  for  principality. 


ates 
h.  cities 


D.  Auftria 
Vienna 


K.  Bohemia 
Prague 


El.  Bavaria 
Munich 


El.  Palatine 
Manheim 


El.  Brandenburg 
Berlin 


'-ates 
?h.  cities 


El.  Saxony 
Drefden 


El  Hannover 
Hannover 


El.  Merits 
Mentz 


ates 
1  h.  cities 


El.  Triers 
Triers 


El.  Cologne 
Cologne 


P.HelleCallel 
Caflel 


D.  Wurtemburg 
Stutgard 


The  principal  ftates 
lites       ]  D.  Savoy 
(1.  cities  J  Chamberry 


in  Italy  are  the 
P.  Piedmont 
Turin 


D.  Mantuan 
Mantua 


following  12. 
D.  Milanefe 
Milan 


R.  Venice 
Venice 


D.  Parmefan 
Parma 


)  ates 
h.  cities 


D.iYicueneie 
Modena 


R.  <Jenoa 
Genoa 


K.  Naples 
Naples 


lites 
h.cities 


D.  i  ufcany 
Florence 


Patriarchate 
Rome 


R.  Lucca 
Lucca 


[The  principal  Seas,  Gulfs  and  Bays  in  Europe,  are 

'587.  The  Mediterranean  Sea9  having  Europe  on  the  N.  and  Africa  oa 
h  S. 

1  The  Adriatic  Sea,  between  Italy  and  Turky. 
[The  Euxihe  or  Black  Sea  in  Turkey,  between  Europe  and  Afia. 
[The  White  Sea  in  the  N.  N.  W.  parts  of  Mufcovy. 
SjThe  Baltic  Sea  between  Sweden,  Denmark  and  Poland. 
jThe  German  Ocean,  or  Sea,  between  Germany  and  Britain. 
The  Englijh  Channel  between  England  and  France.. 
The  Bay  of  Bifcay  formed  between  France  and  Spain. 
■  The  Gulf  of  Bothnia  in  the  N.  E.  parts  of  Sweden. 
The  Gulf  of  Finland  between  Sweden  and  Ruffia. 
The  Gulf  of  Venice,  the  N.  W.  end  of  the  Adriatic  fea, 

The  principal  IJlands  in  Europe,  are 

588.   The  Britijb  IJIes,  viz.  Great  Britain,   Ireland,    Orkneys  an4 
^eftern  Ifles. 

The  Spanijh  Ifles ;  Majorca,  Minorca,  Ivica,  in  the  Medit.  fea. 
Italian  Ifles ;    Sicily,  Sardinia,  Corfica,  Lipari,  in  the  Medit.  fea. 
Turkijh  IJIes ;  Candia,  Archipelago  Hies,  in  the  Medit.  fea. 
Swedijh  IJIes ;  Gothland,  Oeland,  Alan,  Rugen,  in  the  Baltic  fea. 
Danijh  IJIes ;  Zeland  in  the  Baltic  fea;  and  Ifeland,  Faro  Ifles,  E.  and 

W.  Greenlands  in  the  Northern  ocean. 
Azores  IJks  in  the  Atlantic  ocean. 

OF 
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OF    ASIA, 


5$9.  The  continent  of  Afia  is  bounded  on  the  north  by  the  Northen 
or  frozen  ocean,  on  the  eaft  by  the  Pacific  ocean,  on  the  fouth  by  th< 
Indian  ocean,  and  by  Africa  and  Europe  on  the  weft :  It  lies,  includ 
ing  itv  Iflands,  between  the  latitudes  of  10  degrees  fouth*  and  72  de 
grees  north  ;  and  is  between  the  longitudes  of  25  and  1 48  degrees  eaft  o 
London :  Its  length,  excluilve  of  the  ifles,  being  about  4800  miles,  an< 
breadth  about  4300  miles. 

I    590.  The  politions  and  names  of  the  chief  countries^  cities*  rive* 
and  mountains,  are  contained  in  the  following  table. 


Countries. 


E.  China 

K.  Korea 

ChinefeTartar) 
Mongalia 
K.  Thibet 

Bukharia,  or 

Ufbecs 

Karazm 

Kalmucks 

E.  Siberia 

E.  Turky 
K.  Syria 
Arabia 

E.  Perfia 

. India 
Wft.  theGanges 

India 
Eaft  the  Gange; 


Pofition. 


S.  E. 

E. 

E. 
Mid. 
Mid. 

Mid, 

Mid. 
Mid. 

N. 

W. 
W. 

s.  w. 
s. 

s. 


{ 


Chief  Cities. 


f  Pekin 

<  Nankin 

(_  Canton 

liingkitau 

Chynian 

fCudak 

E&erdu 

Samarkand 

(Jrjenz 

C  Tobolfki 
(  Aftracan 
Smyrna 
Aleppo 
Medina 

[fpahan 

Agra 
Delli 
Ava 
Pegu 
Si  am 
I  Cambodia 


Rivers.      Courfe. 


bellow  R. 

S.  to  E. 

Edam 

E. 

Ta 

S.  E. 

Yalu 

S. 

Yamour 

N.E.  toE. 

Yellow  R 

N.  to  W. 

Yaru 

E. 

Amu 

N.  W. 

Amu 

S.W. 

Tekis 

Oby 

feniflca 

N. 

N.  N.  W. 

Euphrates 

S.  E. 

Ruphrates 
Euphrates^ 

S. 
S.  E. 

C  Oxus 
\  A  raxes 

W. 

S.W. 

Indus 

S.W. 

Ganges 
Domea 

S.W. 

s. 

Mecon 

s. 

Menan 

s. 

Ava 

1     s. 

Mountains. 


OttorocoranNd 
Damafian    Wd 

Shanalin 
Fongwhanikan 

Kantes 

Belurlag 

Irder 
Tubratubufluk 

Stolp 

Taurus 

Lebanon 

Gabel  el  ared  ' 

Caucaufus 

Taurus 

Caucaufus      H 

Balagate 


} 


Damafcenc 


Some  of  thefe  countries  contain  feveral  others. 


Afiatic  Turky  contains 
Countries   |  Georgia  N,  j  Turcoman ia  E. 


Cb.  Cities 


Tefli 


or  Armenia 
Erzerum 


Curdiftan  E.  |  Diarbec  E 
or  Afl'yria 

Betlis  Moufol 


Countries  j  Eyraca  b.  E.  J  Arabia  deien  i>,  I  Natoiia    W7 
Ch.  Cities  j      Bagdat       |  J      Smyrna 


byna     W 
Aleppo 


Ind 
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India  weft  the  Ganges  contains 
»t      ,  -  Countries  |  Indorlan       N.  |  Cambaya       S.  W. 

Parts         j  ( 


Ch.  Cities  !       D^li 


or  Guzarat 
Surat 


Bengala  S.  E. 
Patna 


Malabar 
Coait 


Countries  |  jJecan 

J  or   Vifapour 
Ch.  Cities!       Goa 


liiiuagar  W. 

or  Carnate 
Calecu:  andCcehin 


Coromandel 
Coall 


Countries 
Ch.  Cities 


liilnagar,  or 
Carnate,  E.iide 
Madras 


K.  Cjolconu* 
Golconda 


Jv.  Onxa 
Orixa 


India  eaft  the  Ganges  contains 

Countries     K.  Ava     N.W,  I  K.  Pegu 
"h.  Cities         Ava  Pegu 


W. 


K.Siam  Sd. 
Sia'm 


K.  Malacca  S. 
Malacca 


-ountnes 
)h.  Cities 


K. Cambodia  S. 
Cambodia 


K.Lochin  Cnina  E. 
Thoanoa 


K.  Laos  N. 
Lanchan 


K.Tonquin  N.  Tar. 
Keccio 


591.  The  principal  Seas,  Gulfs  and  Bays  in  Afia,  are 

Cafpian  Sea,  quite  furrounded  by  Siberia  on  the  north,  Korazm  eaft, 

by  Perfia  on  the  fouth,  and  by  Georgia  on  the  weft. 
Korean  Sea,  between  Korea  and  the  Iflands  of  Japan; 
Yellow  Sea,  between  China  and  the  Japan  ifles. 

Gulf  of  Cochin  China,  on  the  borders  of  Tonquin  and  Cochin  China., 
Bay  of  Siam,  formed  by  the  countries  of  Siam  and  Malacca. 
Bay  of  Bengal,  between  India  eaft,  and  India  weft  the  Ganges. 
Gulf  of  \P 'erf  a,  having  Perfia  on  the  N.  E.  and  Arabia  on  the  S.  W, 


592.  The  principal  I/lands  belonging  to  Afia,  are 
Ladrsne,  or  Marian  Ifles,  whofe  chief  Ifland  is  Guam. 


*?„*„*.  777       £    Ch.  Ifles 
Japan  Ifles    \    QhQ.^ 

Philippines 


\ 


Ch.  Ifles 
Ch.  Cities 


Japan 
Jeddo 


Bongo 
Bongo 


Ton  fa 
Ton  fa 


Luconia 
Manila 


Chinefe  Ifles  {    g,  IjL 

Moluccos         *    Ch'I{les 


:h.  Ifles 

ities 


I. 

Sunda  Ifles     \ 


Ch.  Cities 


Formofa 
Taywanfu 


Mindanao 
Mindanao 


Samar 


Ainan 
Tan 


Makao 
Makau 


Celebes 
Macafler 


Gilolo 
Gtlolo 


Ceram 
Ambay 


Ch.  Ifles 
Ch.  Cities 


Borneo 
Banjar 


Sumatra 
Achin 


Java  . 
Batavia 


The  Andaman  IJles  to  the  weft  of  Siam. 

Nicobar  Ijler  weft  of  Malacca. 

Maldive  lfands  to  the  S.  W.  of  Bifnagar. 
The  If  and  qf  Ceylon  S.  E.  of  Bifnagar ;  the  chief  city  is  Candy,  of 
Cndy  Uta, 
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593.  This  large  continent  is  a  peninfula  joined  to  Afia  by  the  Ifth- 
mus  of  Suez.  On  the  N.  E.  it  is  feparated  from  Afia  by  the  Red  fea; 
it  has  the  Indian  ocean  on  the  eaft,  the  Southern  on  the  fouth,  the  At- 
lantic on  the  weft,  and  the  Mediterranean  fea  on  the  north,  which  fe- 
parates  it  from  Europe.  It  is  fituated  between  the  latitudes  of  37  degrees 
N.  and  35  degrees  S. ;  and  between  the  longitudes  of  18  degrees  W. 
and  50  degrees  E.  from  London  j  is  about  4300  miles  long,  and  4200 
miles  broad. 

594.  The  pofitions  and  names  of  the  chief  countries,  cities,  riveri 


and  mountain; 

i,  are  con 

tamed  in  the  f< 

blowing  table 

Countries. 

Pofition 

Chief  Cities. 

Rivers. 

Courfe.  . 

Mountains 

E.  Morocco 

N.   W. 

Fez 

Mulvia 

N. 

Atlas 

K.  Algiers 

N. 

Algiers 

SafFran 

N. 

Atlas 

K.  Tunis 

N. 

Tunis 

Megarada 

N. 

Atlas 

K.  Tripoli 

N. 

Tripoli 

Salines 

N.  E. 

Atlas 

K.  Barca 

N. 

Docra 

Meies 

K.  Egypt 

N.  E. 

Cairo 

Nile 

N. 

Gianadel 

E.  Abyffinia  7 
cr  Ethiopia   J 

E. 

Ambamarjam 

Nile 

N. 

Ajan 

E. 

Adea 

vladadoxa 

S. 

Zanguebar 

E. 

Melinda 

Cuama 

E.  S.E. 

Sofala 

S.  E. 

Sofala 

Amara 

E. 

Amara 

Terra  de  Natal 

S.  E. 

Natal 

St.  Efprit 

E. 

Amara 

Cafraria 

s. 

Cape  Town 

St.  Chrillophei 

E. 

Fable 

Mataman 

s.  s.  w. 

Angri 

w. 

Sunda 

K.  Benguela 

s.  s.  w. 

Benguela 

Negros 

w. 

Sunda 

K.  Angola 

s.  w. 

Loando 

Coanza 

w. 

Sunda 

K.  Congo 

s.  w. 

St.  Salvador 

Zaara 

s.  w. 

Sunda 

K.  Loango 

s.  w. 

Loango 

^ette 

s.  w. 

St.  Efprit.  d 

Biafara 

s.  w. 

8iafara 

Camerones 

s.  w. 

St.  Efprif 

r 

K.  Benin 

s.  w. 

Benin 

Formofa 

s.  w. 

Guinea 

s.  w. 

Cape  Coafl 

Volta 

s. 

Sierra    Lee 

Mandinga 

w. 

James  Fort 

3ambia 

w. 

C.  Verdi  i 

Sanhaga 

w. 

?anhaga 

•^enagal 

N.   W. 

Biledulgerid 

Mid.  N. 

Cara 

Dara 

s. 

Atlas 

Zara 

Mid. 

Zuenzega 

Nubia 

E. 

Nubia 

Mid. 

Nubia 

Nubia 

E. 

Negroland 

Mid. 

rombute 

Niger 

W. 

Ethiopia  inter. 

Mid. 

Chaxumo 

Niger 

W. 

Luna 

Monomugi 

Mid.S. 

VJerango 

Cuama 

E.  S.  E. 

Luna 

E.Monomotap: 

Mid.  S. 

Mojrar 

Amara 

S.   E. 

Amara 

Great  part  of  the  coafts  of  Africa  are  fubjeit  to  the  European  natioi 
Thus  the  Kingdoms  of  Algiers,  Tunis,  Tripoli,  Barca  and  Egypt,  ; 
either  fubje£t  to  the  Ottoman  or  Turkilh  Empire,  or  acknowledge  thei 
felves  under  its  protection. 

Abyflii 
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Abyflinia  is  governed  by  its  own  Emperor. 

Ajan  or  Anian  is  peopled  by  a  few  wild  Arabs. 

In  Zanguebar  and  Sofala,  the  Portuguefe  have  many  black  princes 
tributary  to  them. 

Caffraria,  Or  the  country  of  the  Hottentots,  belongs  to  the  Dutch. 

The  fea  coafts  of  Guinea  are  ufually  diftinguifhed  by  the  names  of 
the  Slave  coajl,  Gold  coafi,  Ivory  coaft,  Grain  coaji,  and  Sierra  Leone. 

The  Englifh,  Dutch,  French,  Portuguefe  and  others,  have  feveral  fet- 
tlements  along  thefe  coafts,  and  even  many  miles  up  the  country,  par- 
ticularly the  Englifh  on  the  river  Gambia,  and  the  French  on  the  river 
Senaga,  or  Senegal. 

In  the  general  table,  the  countries  are  taken  in  a  very  large  fenfe ; 
for  many  of  them  contain  a  great  number  of  Hates  independent  one  of 
the  other,  the  particulars  whereof  are  not  known  to  Geographers. 

595.  The  principal  Seas,  Gulf  and  Bays  in  Africa,  are 

The  Red  Sea,  between  Africa  and  Afia:  It^vafhes  the  coaft  of  Ara- 
bia on  the  Afiatic  fide,  and  the  coafts  of  Egypt  and 
Abyflinia  on  the  African  fide. 

Mofambique  Sea,  between  Africa  and  the  ifland  of  Madagafcar  eaftward. 

Saldanna  Bay  in  Caffraria,  on  the  Ethiopic  ocean. 

Bight  of  Benin  on  the  coaft  »f  Guinea,  in  the  Ethiopic  ocean. 

596.  The  principal  African  //lands  are 


Madeira  ijles 
Canary  ijles 
C.  Verd  ijles 
Ethiopian  ijles 
Komora  ijles 
Sohtora  ijles 
Almirante  ijles 


Chief  Ifle. 


Maderia 
Canaria 
St.  Jago 
St.  Helena 
Johanna 
Zocotora 
But  little 


Chief  Town. 

Situation. 

Funchal 
Palma 
St.  Jago 

Demani 
Calanfia 
known. 

N.  Atlantic  ocean 
N.  Atlantic  ocean 
N.  Atlantic  ocean 
Ethiopic  ocean 
Indian  ocean 
Indian  ocean 
Indian  ocean 

The  ifland  of  Madagafcar,  one  of  the  largeft  in  the  world,  lies  in 
tfie  Indian  ocean :  It  is  divided  into  a  multitude  of  little  ftates  ;  fome  of 
them  formed  by  the  European  privateers,  and  their  fucceflors  d-efcended 
jfrom  mixing  with  the  natives. 

The  i (lands  of  Bourbon  and  Mauritius  lie  in  the  Indian  ocean,  to  the 
aft  of  Madagafcar  :  Thefe  belong  to  the  French. 

The  MadeTras  and  Cape  de  Verd  ifles  belong  to  the  Portuguefe. 

The  Canary  ifles  to  Spain;  St.  Helena  to  England. 
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597.  This  vaft  continent,  called  by  fome  the  new  world,  having 
feeen  difcovered  by  the  Europeans  fince  the  year  1492,  is  ufually  divided 
into  two  parts,  one  called  North,  and  the  other  South  America  3  being 
joined  to  one  another  by  the  Ifthmus  of  Darien. 

North  America  lies  between  the  latitudes  of  10  degrees  and  80  de- 
grees north;  and  chiefly  between  the  longitudes  of  50  degrees  and  130 
degrees  weft  of  London  ;  is  about  4200  miles  from  north  to  fouth,  and 
about  4800  from  eaft  to  weft.  It  is  bounded  on  the  eaft  by  the  north 
Atlantic  ocean,  by  the  Gulf  of  Mexico  on  the  fouth  ;  on  the  weft  by 
the  Pacific  ocean,  and  by  the  Northern  continent  and  ocean  to  the 
northward. 

South  America  is  bounded  on  the  eaft  by  the  fouth  Atlantic  ocean, 
by  the  Southern  ocean  to  the  fouth,  by  the  Pacific  ocean  on  the  weft, 
and  on  the  north  by  the  Caribean  fea  :  It  lies  between  the  latitudes  of 
12  degrees  north  and  58  degrees  fouth  ;  and  between  the  longitudes  of 
45  degrees  and  83  degrees  weft  from  London  5  is  about  4200  miles  long, 
and  about  2200  miles  in  breadth. 

598.  The  pofitions  and  names  of  the  chief  countries,  cities,  rivers 
and  mountains,  in  north  America,  are  in  the  following  table. 


I 
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Countries. 

Pofition 

Chief  Cities. 

Rivers. 

Courfe. 

Mountains. 

.California 

w. 

St.  Juan 

New  Mexico 

S. 

Santa  Fe 

N.  River 

S.S.E. 

Old  Mexico 

s.  w. 

Mexico 

Panuco 

E. 

Louihana 

s. 

Fort  Louis 

Miffiffipi 

S. 

Florida 

s. 

St.  Auguilin 

St.  John 

N.  to  E. 

Apalachian 

Georgia 

S.  S.  E. 

Savannah 

Alatamaha 

E.  S.  E. 

Apalachian 

Carolina 

S.  E. 

Charles  Town 

Afhly 

S.  E. 

Apalachian  • 

Virginia 

a 

E. 

James  Town 

Powtomack 

S.  E. 

Apalachian  1 

Maryland 

E. 

Annapolis 

Powtomack 

S.  E. 

Apdachian  1 

Penfih  ania 

E. 

Philadelphia 

Delawar 

S. 

Apalachian  1 

Jerfeys 

New  England 

E. 

New  York 

Albany 

S. 

E. 

Bolton 

Connecticut 

S. 

Nova  Scotia 

N.E. 

Hallifax 

St.  John 

S.  S.  E. 

Ladies 

Canada 

Mid. 

Quebec 

St.  Lawrence 

N.  E. 

New  Britain 

N.  N.  E 

i"'ort  Rupert 

Rupert 

w. 

New  Wa'es 

N. 

Port  Nel  Ton 

Ne.lfon 

W. 

fULMjipv     -y          .■'    .■ 

11           "          T 

?  ■■  . 

California,  Old  Mexico,  New  Mexico  and  Florida,  belong  to  Spain 
JL,ouifiana  and  Canada  are  poflefTed  by  the  French. 
£1]  the  pther  countries  are  in  the  hands  of  the  Engliih* 
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In  fouth  America,  the  pofition  and  names  of  the   chief  countries, 
jrities,  rivers  and  mountains,  are  as  follows. 


Countries. 

Pofition. 

Chief  Cities. 

Rivers. 

Courfe. 

Mountains 

ferra  iirma 

N. 

Panama 

Oronoque 

N.  E. 

'era 

W. 

Lima 

Chuquimayo 

W.  N.W. 

Andes 

:hiii 

S.  W. 

?t.  Jago 

Valparifo 

w. 

Andes 

'atagonia 

s. 

Defaguadero 

s. 

Andes 

,a  Plata 

S.  E. 

Buenos    Ayres 

La  Plata 

s. 

Andes 

'araguay 

Mid. 

\flumption 

Paragua 

s. 

Wil 

E. 

>t.  Salvador 

Rio  Real 

N.  E. 

Amazonia 

Mid. 

Amazons 

E. 

rniana 

N.E. 

Surinam 

Efquebe 

N.  N.E. 

Terra  firma,  Peru,  Chili,  La  Plata  and  Paraguay,  are  in  the  pof- 
icilion  of  the  Spaniards. 
\   Brafil  belongs  to  the  Portuguefe. 

Patagonia,  Amazonia  and  Guiana,  are  pofTefled  by  the  native  Indians, 
xcept  fome  parts  of  the  coafts  of  Guiana  in  the  hands  of  the  Dutch 
.nd  French. 

599.  The  principal  Seas,  Gulfs  and  Bays,  in  America. 

The  Caribean  Sea,  bounded  by  Terra  firma  on  the  fouth,  and  a  range 

of  iflands  on  the  north  and  eaft. 
Gulf  of  Mexico,  formed  by  Old  Mexico,  Louifiana  and  Florida. 
}    Bay  of  Campeachy,  part  of  the  Gulf  of  Mexico,  on  the  Mexican  coafL 
Bay  of  Honduras,  part  of  the  Caribean  fea,  next  to  Mexico. 
Bay  of  Panama,  in  the  Pacific  ocean,  next  the  Jfthmus  of  Darien. 
Gulf  of  California,  in  the  Pacific  ocean,  having  California  on  the  weft, 
Bay  of  Fundy,  in  Nova  Scotia,  north  Atlantic  ocean. 
Gulf  of  St.  Lawrence,  in  the  north  Atlantic  ocean,  bounded  by  Nova 

Scotia,  New  Britain,  and  fome  iflands  eaftwardi 

and  fouth  eaft  ward. 
Hudforfs  Bay,  between  New  Britain  E.  and  New  Wales  W. 

600.  The  chief  American  Iflands  in  the  Atlantic  ocean. 

Newfoundland,  and  Cape  Breton,  eaft  of  the  Gulf  of  St.  Lawreijce. 
Bermudas,  or  fummcr  iflands,  eaft  of  Carolina. 
Bahama  ijles,  fouth  eaft  of  Florida. 

f  Cuba  Ch.  town  Havanna  7  lying  E.    of  the 

Great  Antilles  \  Hifpaniola  Ch.  town  St.  Domingo  >  Mexican  gulf,  and 

(Jamaica      Ch.  town  Kingfton    '      jN.oftheCarib.fea. 
Carilbe  ijles,  bounding  the  Caribean  fea  on  the  E.  and  N.  E. 
Lejfer  Antilles,  on  the  N.  N.  E.  of  Terra  firma,  in  the  Caribbe  fea. 
Terra  del  fuego,  on  the  fouth  of  Patagonia,  in  the  fouthern  ocean. 
Gallipago  ijles,  lying  N.  W.  of  Peru  in  the  Pacific  ocean. 

fouth  of  the  Equator  in  the  Pacific  ocean. 

SECTION 
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SECTION     IV. 

Of  Winds. 

60 1.  A  Fluid  is  a  body  whofe  particles  readily  give  way  to  any  int- 
prefled  force  ;  and  by  this  readinefs  of  yielding  the  particles  are  eafily  pul 
into  motion. 

Thus,  not  only  liquids,  but  fleams  or  vapours,  fmoke  or  fumes,  and 
others  of  a  like  kind,  are  reckoned  as  fluids. 

From  all  parts  of  the  earth  vapours  and  fumes  are  conftantly  arifing 
to  fome  diftance  from  its  furface.  . 

This  is  known  by  obfervation  ;  and  is  chiefly  caufed  by  the  heat  of 
the  fun,  and  fometimes  from  fubterraneous  fires  arifing  from  the  acci-1 
dental  mixing;  of  fome  bodies. 

602.  Air  is  a  fine  invifible  fluid  furrounding  the  globe  of  the  earth,  x 
and  extended  to  fome  miles  above  its  furface. 

The  Atmosphere  is  that  collection  of  air,  and  the  bodies  contained 
in   it,  which  circumfcribes  the  earth. 

603.  From  a  multitude  of  experiments  air  is  found  to  be  both  heavj  I 
and  fpringy. 

By  its  weight,  it  is  capable  of  fupporting  other  bodies,  fuch  as  va-1 
pours  and  fumes,  in  the  fame  manner  as  wood  is  fupported  by  water. 

By  its  fpringinefs  or  elafticity,  a  quantity  of  air  is  capable  of  being  ex- 
panded, or  fprcading  itfelf  fo  as  to  fill  a  larger  fpace  *;  and  of  beinj 
comprefTed,  or  confined  in  a  fmaller  compafs  f. 

604.  Air  is  comprefTed  or  condenfed  by  cold,  and  expanded  or  raiifiec  j 
by  heat. 

This  is  evident  from  a  multitude  of  experiments. 

An  alteration  being  made  by  heat  or  cold  in  any  part  of  the  Atmo< 
fphere,  its  neighbouring  parts  will  be  put  into  motion  by  the  endeavou   j 
which  the  air  always  makes  to  reftore  itfelf  to  its  former  ftate. 

For  experiments  fhew,  that  condenfed  or  rarified  air  will  return  t<  , 
its  natural  ftate,  when  the  caufe,  whatever  it  be,  of  that  condenfation  0  1 
rarefaction  is  removed. 

605.  Wind  is  a  ftream  or  current  of  air  which  may  be  felt ;  and  uur 
ally  blows  from  one  part  of  the  Horizon  to  its  oppofite  part. 

606.  The  horizon.)  befides  being  divided  into  360  degrees  like  all  othe1 
circles,  is  by  mariners  fuppofed  to  be  divided  into  four  quadrants,  calld 
the  north  eaft,  north  weft,  fouth   eaft  and  fouth  weft  quarters;  each  o'i 
thefe  quarters  they  divide   into  eight  equal  parts  called  points,  and  eacl 
point  into  four  equal  parts  called  quarter  points. 

So  that  the  horizon  is  divided  into  32  points,  which  are  called  rhumb 
or  winds ;  to  each  wind  is  afligned  a  name,  which  fhews  from  what  poin 
of  the  horizon  the  wind  blows. 

The  points  of  North,  South,  Eaft  and  Weft,  are  called  cardim 
points-,  and  are  at  the  diftance  of  90  degrees,  or  8  points  from  one  an 
other. 

*  Near  14000  times.     Wallis\  Hydrof.  p.  13. 
f  Into  S-  part.     Phil.  Tranf.  N"  181.  " 
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607.  Winds  are  either  conftant  or  variable,  general  or  particular. 
Conjlant  winds   are  fuch   as  blow  the  fame  way,  at   leaft,  for  feveral 

lours  or  days  ;    and  variable  winds  are  fuch  as  frequently  fhift  within  an 
lour  or  day. 

A  general  wind  is  that  which  blows  the  fame  way,  over  a  large  tract 
>f  the  earth,  almoft  the  whole  year. 

:    A  particular  wind  is  what  blows,  in  any  place,  fometimes  one  way, 
,nd  fometimes  another  indifferently. 

If  the  wind  blows  gently  it  is  called  a  breeze ;  if  it  blows  harder  it  is 
ailed  a  gale,  or  a  ftiff  gale;  and  if  it  blows  very  hard  it  is  called  2 
lorm  *. 

608.  The  following  obfervations  on  the  wind  have  been  made  by 
kilful  feamen  ;  and  particularly  by  the  great  Dr.  Halley. 

ift.  Between  the  limits  of  60  degrees,  namely,  from  30*  of  north  la- 
itude  to  300  of  fouth  latitude,  there  is  a  conftant  eaft  wind  throughout 
he  year,  blowing  on  the  Atlantic  and  Pacific  oceans  ;  and  this  is  called 
he  trade  ivind. 

For  as  the  fun,  in  moving  from  eaft  to  weft,  heats  the  air  more 
mmediately  under  him,  and  thereby  expands  it;  the  air  to  the  eaft- 
vard  is  conftantly  rufhing  towards  the  weft  to  reftore  the  equilibrium, 
>r  natural  ftate  of  the  Atmofphere,  and  this  occafions  a  perpetual  eaft 
vind  in  thofe  limits. 

2d.  The  trade  winds  near  their  northern  limits  blow  between  the  north 
nd  eaft ;  and  near  the  fouthern  limits  they  blow  between  the  fouth  and 
aft.  • 

For  as  the  air  is  expanded  by  the  heat  of  the  fun  near  the  Equator  ; 
herefore  the  air  from  the  northward  and  fouthward  will  both  tend  to- 
vards  the  Equator  to  reftore  the  equilibrium  :  Now  thefe  motions  from 
he  north  and  fouth,  joined  with  the  foregoing  eafterly  motion,  will  pro- 
luce  the  motions  obferved  near  the  faid  limits  between  the  north  and 
:aft,  and  between  the  fouth  and  weft. 

3d.  Thefe  general  motions  of  the  wind  are  difturbed  on  the  continents 
md  near  their  coafts. 

For  the  nature  of  the  foil  may  either  caufe  the  air  to  be  heated  or 
:ooled  ;  and  hence  will  arife  motions  that  may  be  contrary  to  the  fore- 
going general  ones. 

4th.  In  fome  parts  of  the  Indian  ocean  there  are  periodical  winds  which 
ire  called  Monsoons;  that  is,  fuch  as  blow  half  the  year  one  way, 
ind  the  other  half  year  the  contrary  way. 

•  For  air  that  is  cool  and  denfe,  will  force  the  warm  and  rarified  air  in 
1  continual  ftream  upwards,  where  it  muft  fpread  itfelf  to  preferve  the 
equilibrium  :  So  that  the  upper  courfe  or  current  of  the  air  fhall  be  con- 
trary to  the  under  current  ;  for  the  upper  air  muft  move  from  thofe 
sarts  where  the  greateft  heat  is;  and  fo  by  a  kind  of  circulation,  the 
N.  E.  trade  wind  below  will  be  attended  with  a  S.  W.  above ;  and  a 
3.  E.  below  with  a  N.  W.  above  :  And  this  is  confirmed  by  the  expe- 
rience of  feamen,  who,  as  foon  as  they  get  out  of  the  trade  winds,  im- 
mediately find  a  wind  blowing  from  the  oppofite  quarter. 

*  The  fvviftnefs  of  the  wind  in  a  great  ftorm  is  not  more  than  50  or  60  miles 
in  art  hour  ;  and  a  common  brifk  gale  is  about  1 5  miles  an  hour. 

5th. 
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5th.  In  the  Atlantic  ocean,  near  the  coafts  of  Africa,  at  about  fo< 
leagues  from  more,  between  the  latitudes  of  280  and  io°  north,  feamei 
Conftantly  meet  with  a  frefh  gale  of  wind  blowing  from  the  N.  E. 

6th.  Thofe  bound  to  the  Caribbe  iflands,  acrofs  the  Atlantic  oceafi 
find,  as  they  approach  the  American  fide,  that  the  faid  N.  &.  wind  be 
comes  eafterly  ;  or  fcldom  blows  more  than  a  point  from  the  eaft,  eithe. 
to  the  northward  or  fouthward. 

Thefe  trade  winds,  on  the  American  fide,  are  extended  to  30,  31,  0: 
even  to  320  of  N.  latitude  ;  which  is  about  40  farther  than  what  they  ex 
tend  to  on  the  African  fide  :  Alfo  to  the  fouthward  of  the  Equator,  thi 
trade  winds  extend  3  or  4  degrees  farther  towards  the  coaft  of  Brafil  01 
the  American  fide,  than  they  do  near  the  Cape  of  Good  Hope  on  thd' 
African  fide. 

7th.  Between  the  latitudes  of  4"  North  and  40  South,  the  wind  alwayi  A 
blows  between  the  fouth   and  eaft :  On  the  African  fide  the  winds  an  .  j 
neareft  the  fouth ;  and  on  the  American  fide  neareft  the  eaft.     In  thefi 
/eas  Dr.  Halley  obferved,  that  when  the  wind  was  eaftward,.  the  weathe; 
was  gloomy,  dark  and  rainy,  with  hard  gales  of  wind :  But  when  th< 
wind  veered  to  the  fouthward,  the  weather  generally  became  ferene    J 
with  gentle  breezes  next  to  a  calm. 

Thefe  winds  are  fomewhat  changed  by  the  feafons  of  the  year ;  fol'H 
when  the  fun  is  far  northward,  the  Brafil  S.  E.  wind  gets  to  the  fouth.    j 
and  the  N.  E.  wind  to  the  eaft  ;  and  when  the  fun  is  far  fouth,  the  S.  E  J 
wind  gets  to  the  eaft,  and  the  N.  E.  winds  on  this  fide  of  the  Equatoj 
veer  more  to  the  north. 

.  8th.  Along  the  coaft  of  Guinea,  from  Sierra  Leone  to  the  ifland  0:  I 
St.  Thomas  (under  the  Equator)-,  which  is  above  500  leagues,  the  fou-  j 
therly  and  fouth  weft  winds  blow  perpetually  :  For  the  S.  E.  trade  wine 
having  parted  the  Equator,  and  approaching  the  Guinea  coaft  within  8c 
or  100  leagues,  inclines  towards  the  fliore,  and  becomes  fouth,  theK 
$.  E.  and  by  degrees  as  it  comes  near  the  land  it  veers  about  to  fouth 
S.  S.  W.  and  in  with  the  land  it  is  S.  W.  and  fometimes  W.  S.  W,\ 
This  tract  is  troubled  with  frequent  calms,  violent  fudden  gufts  of  wind 
called  Tornados,  blowing  from  all  points  of  the  horizon. 

The  reafon  of  the  wind  fetting  in  weft  on  the  coaft  of  Guinea,  is  in! 
all  probability  owing  to  the  nature  of  the  coaft,  which  being  greatly 
heated  by  the  fun,  rarities  the  air  exceedingly,  and  confequcntly  the  cool 
air  from  off"  the  fea  will  keep  rufhing  in  to  reftore  the  equilibrium. 

9th.  Between  the  4th  and  10th  degrees  of  north  latitude,  and  between 
the  longitudes  of  Cape  Verd,  and  the  eaftermoft  of  the  Cape  Verd  ifles, 
there  is  a  tracl:  of  fea  which  fecms  to  be  condemned  to  perpetual  calms^ 
attended  with  terrible  thunder  and  lightnings,  and  fuch  frequent  rains* 
that  this  part  of  the  fea  is  called  the  raws.  Ships  in  failing  thefe  6  dei 
grees  have  been  fometimes  detained  whole  months,  as  it  is  reported. 

The  caufe  of  this  fcems  to  be,  that  the  wefterly  winds  fetting  in  oil 
this  coaft,  an<l  meeting  the  general  eafterly  wind  in  this  tract,  balance 
each  other,  and  fo  caufe  the  calms ;  and  the  vapours,  carried  thither  by 
each  wind  meeting  -and  -  condor. iing;,  ..oe.cufi.on  the  almoft  conftant  rains* 
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The  laft  three  obfervations  jfhew  the  reafon  of  two  things  which 
vlariners  experience  in  failing  from  Europe  to  India,  and,  in  the  Guinea 
;rade. 

■  And  firft.  The  difficulty  which  fhips  in  going  to  the  fouthward, 
fpecially  in  the  months  of  July  and  Auguft,  find  in  paffing  between 
he  coaft  of  Guinea  and  Brafil,  notwithftanding  the  width  of  this  fea  is 
nore  than  500  leagues  :  This  happens  becaufe  the  S.  E.  winds  at  that 
ime  of  the  year  commonly  extend  fome  degrees  beyond  the  ordinary  li- 
nits  of  4*  N.  latitude  ;  and  befides  coming  fo  much  foutherly,  as  to  be 
ometimes  fouth,  fometimes  a  point  or  two  to  the  weft;  it  then  only  re- 
gains to  ply  to  windward :  And  if  on  the  one  fide  they  fteer  W.  S.  W. 
hey  get  a  wind  more  and  more  eafterly ;  but  then  there  is  danger  of 
ailing  in  with  the  Brafilian  coaft  or  fhoals;  and  if  they  fteer  E.  S.  E, 
hey  fall  into  the  neighbourhood  of  the  coaft  of  Guinea,  from  whence 
hey  cannot  depart  without  running  eafterly  as  far  as  the  ifland  of  St. 
f  nomas  ;  and  this  is  the  conftant  practice  of  all  the  Guinea  mips. 

Secondly.  All  fhips  departing  from  Guinea  for  Europe,  their  direct 
ourfe  is  northward  ;  but  on  this  courfe  they  cannot  go,  becaufe  the 
baft  bending  nearly  eaft  and  weft,  the  land  is  to  the  northward  : 
Therefore  as  the  winds  on  this  coaft  are  generally  between  the  S.  and 
V".  S.  W.  they  are  obliged  to  fteer  S.  S.  E.  or  fouth,  and  with  thefe 
ourfes  they  run  off  the  fhore ;  but  in  fo  doing  they  always  find  the 
.rinds  more  and  more  contrary :  So  that  when  near  the  fhore  they  can 
e  fouth,  at  a  greater  diftance  they  can  make  no  better  than  S.  E.,  and 
fterwards  E.  S.  E. ;  with  which  courfes  they  commonly  fetch  the  ifland 
if  St.  Thomas  and  Cape  Lopez,  where  finding  the  winds  to  the  eaft- 
/ard  of  the  fouth,  they  fail  wefterly  with  it  till  coming  to  the  latitude 
f  4  degrees  fouth,  where  they  find  the  S.  E.  wind  blowing  perpetu- 
lly. 

1  On  account  of  thefe  general  winds,  all  thofe  that  ufe  the  Weft  India 
ade,  even  thofe  bound  to  Virginia,  reckon  it  their  beft  courfe  to  get  as 
l»on  as  they  can  to  the  fouthward,  that  fo  they  may  be  certain  of  a 
iir  and  frefh  gale  to  run  before  it  to  the  weftward :  And  for  the  fame 
"afon  thofe  homewards  bound  from  America  endeavour  to  gain  the  la- 
itude  of  30  degrees,  where  they  firft  find  the  winds  begin  to  be  varia- 
jle  j  tho'  the  moft  ordinary  winds  in  the  north  Atlantic  ocean  come 
om  between  the  fouth  and  weft. 

10th.  Between  the  fouthern  latitudes  of  10  and  30  degrees;  in  the  Indian 
cean,  the  general  trade  wind  about  the  S.  E.  by  S.  is  found  to  blow  all  the 
ear  long  in  the  fame  manner  as  in  the  like  latitudes  in  the  Ethiopic 
bean  :  And  during  the  fix  months  from  May  to  December,  thefe  winds 
iach  to  within  2  degrees  of  the  Equator;  but  during  the  other  fix 
ionths  from  November  to  June,  a  N.  W.  wind  blows  in  the  tract  lying 
fetween  the  3d  and  10th  degrees  of  fouthern  latitude,  in  the  meridian 
[the  north  end  of  Madagafcar;  and  between  the  2d  and  1 2th  degree 
F1  fouth  latitude,  near  the  longitude  of  Sumatra  and  Java, 
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'  Iith.  In  the  tract  between  Sumatra  and  the  African  coaft,  and  from 
3  degrees  of  fouth  latitude  quite  northward  to  the  Afiatic  coafts,  in- 
cluding the  Arabian  fea  and  the  Gulf  of  Bengal,  the  Monfoons  blow 
from  September  to  April  on  the  N.  E. ;  and  from  March  to  October  on 
the  S.  W.  In  the  former  half  year  the  wind  is  more  fteady  and  gentle, 
and  the  weather  clearer  than  in  the  latter  fix  months  :  And  the  wind  is 
more  ftrong  and  fteady  in  the  Arabian  fea  than  in  the  Gulf  of  Bengal. 

I2th.  Between  the  ifland  of  Madagafcar  and  the  coafl  of  Africa,  and 
thence  northward  as  far  as  the  Equator,  there  is  a  tract,  wherein  from 
April  to  October  there  is  a  conftant  frefh  S.  S.  W.  wind  ;  which  to 
the  northward  changes  into  the  W.  S.  \V.  wind,  blowing  at  that  timtl 
in  the  Arabian  lea. 

i  13th.  To  the  eaftward  of  Sumatra  and  Malacca  on  the  north  of  the 
Equator,  and  along  the  coafts  of  Cambodia  and  China,  quite  thro'  the 
Philippines  as  far  as  Japan,  the  Monfoons  blow  northerly  and  fouthcrly  : 
the  northern  fetting  in  about  October  or  November,  and  the  fouthern 
about  May  :  The  winds  are  not  quite  lb  certain  as  thofe  in  the  Arabian! 
feas. 

14th.  Between  Sumatra  and  Java  to  the  weft,  and  New  Guinea  to 
the  eaft,  the  fame  northerly  and  foutherly  winds   are  obferved  ;  but  the 
ftrft  half  year  monfoon  inclines  to  the  N.  W.  and  the  latter  to  the  S.  E 
Thefe  winds  begin  a  month  or  fix  weeks  after  thofe  in  the  Chinefe  feaJ. 
fet  in,  and  are  quite  as  variable. 

15th.  Thefe  contrary  winds  do  not  fhift  from  one  point  to  its  oppo- 
fite  all  at  once  j  in  fome  places  the  time  of  the  change  is  attended  with 
calms,  in  others  by  variable  winds :  And  it  often  happens  on  the  Ihore! 
of  Coromandel  and  China,  towards  the  end  of  the  monfoons,  that  there- 
are  molt  violent  ftorms,  greatly  refembling  the  hurricanes  in  the  Well 
Indies ;  wherein  the  wind  is  i'o  vaftly  ftrong,  that  hardly  any  thing  caw 
refill  its  force. 

All  navigation  in  the  Indian  ocean  muft  necefiarily  be  regulated  bf 
thefe  winds ;  for  if  Mariners  fliould  delay  their  voyages  till  the  con-i 
trary  monfoon  begins,  they  muft  either  fail  back,  or  go  into  harbour 
snd  wait  for  the  return  of  the  trade  wind. 
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SECTION    V. 

Of  the  tides. 

609.  A  Tide  is  that  motion  of  the  water  in  the  Seas  and  Rivers, 
jv  which  they  are  found  regularly  to  rife  and  fall. 

The  genera]  caufes  of  the  tides  were  difcovered  by  Sir  Ifaac  Newton, 
md  are  deduced  from  the  following  confiderations. 

610.  Daily  experience  {hews,  that  all  bodies  thrown  upwards  from  the 
jarth,  fall  down  to  its  furface  in  perpendicular  lines ;  and  as  lines  perpendi- 
cular to  the  furface  of  a  fphere  tend  towards  the  centre,  therefore  the  lines, 
felong  which  all  heavy  bodies  fall,  are  directed  towards  the  earth's 
:entre. 

As  thefe  bodies  apparently  fall  by  their  weight  or  gravity ;  therefore 
he  law  by  which  they  fall,  is  called  the  law  of   gravitation. 

611.  A  piece  of  glafs,  amber,  or  fealing  wax,  and  fome  other  things, 
>eing  rubbed  againft  the  palm  of  a  hand,  or  againft  a  woollen  cloth,  un- 
il  it  be  warmed,  will  draw  bits  of  paper,  or  other  light  fubftances  to- 
wards it,  when  held  fufflciently  near  thofe  fubftances. 

Alio  a  Magnet  or  Loadftone  being  held  near  the  filings  of  iron  or 
reel,  or  other  fmall  pieces  of  thefe  fubftances,  will  draw  them  to  itfelf ; 
md  a  piece  of  hammered  iron  or  iieel,  that  has  been  rubbed  by  a 
nagnet,  will  have  a  like  property  of  drawing  iron  or.fteel  to  itfelf. 

And  this  property  in  fome  bodies  of  drawing  others  to  themfelves  in 
.he  forefaid  manner,  is  called  Attraction. 

612.  Now  as  bodies  by  their  gravity  fall  towards  the  earth,  it  is  not 
mproper  to  fay  it  attracts  thofe  bodies  ;  and  therefore  in  refpect  to  the 
:arth,  the  words  gravitation  and  attraction  may  be  ufed  One  for  the  other, 
is  by  them  is  meant  no  more  than  the  power  or  law  by  which  bodies 
iend  towards  its  centre. 

And  it  is  likely  that  this  is  the  caufe  why  the  parts  of  the  earth  adhere 
ind  keep  clofe  to  one  another. 

•  613.- The  incomparable  Sir  Ifaac  Newton,  hy  a  fagacity  peculiar  to 
limfelf,  difcovered  from  many  observations,  that  this  law  of  gravitation 
>r  attraction  was  univerfally  diffufed  throughout  the  world  ;  and  that  the 
'egular  motions  obferved  among  the  heavenly  bodies  were  governed  by 
his  fame  principle  j  fo  that  the  earth  and  moon  attracted  each  other, 
ind  both  of  them  were  attracled  by  the  fun  :  Alfo  that  the  force  of  at- 
xaction  exerted  by  thefe  bodies  one  on  the  other  was  lefs  and  lefs  as  the 
liftance  increafed,  in  proportion  to  the  fquares  of  thofe  diftances  ;  that 
s,  the  power  of  attraction  at  double  the  diftance  was  four  times  lefs,  at 
:riple  the  diftance,  nine  times  lefs,  at  quadruple  the  diftance,  fixteen 
:imes  lefs,  and  fo  on. 

614.  Now  as  the  earth  is  attracted  by  the  fun  and  moon,  therefore 
ill  the  parts  of  the  earth  will  not  gravitate  towards  its  centre  in  the 
ame  manner  as  if  thofe  parts  were  not  affected  by  fuch  attractions : 
(\nd  it  is  very  evident  that,  was  the  earth  intirely  free  from  fuch  actions 
af  the  fun  and  moon,  the  oceans  being  equally  attracted  towards  its 
:entre,  on  all  fides  by  the  force  of  gravity,  would  continue  in  a  per- 
fect ftagnation  without  ever  Ebbing  or  Flowing  :    But  fince  the  cafe  is 
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ctherwife,  the  oceans  mull  needs  rife  higher  in  thofe  places  where  the 
fun  and  moon  diminiih  their  gravity,  or  where  the  fun  and  moon  have 
the  greatell  attraction. 

As  the  force  of  gravity   mull   be  diminifhed   moll  in  thofe  parts  oi  t 
the  earth   to  which  the  Moon  is  neareft,  or  in  the  Zenith  ;  that  is3  ,.f 
where  me  is  vertical  or  perpendicularly  over,  and   confequently  where 
her  attraction  is  mod  powerful  ;  therefore  the  waters  in  fuch  places  wiUJl 
rife  higher,  and  it  will  be  full  fea  or  food  in  fuch  places. 

615.  Tlie  parts  of  the  earfh  directly  under  the  moon,  and  alfo  thofe  in'M 
their  Nadir,    viz.   fuch  places    diametrically  oppofite   to   thofe  where  tht   • 
moon   is  in  the  'Zenith,    will   have  the  food  or  high  water  at    the  famt.- 
time. 

For  either  half  the  earth  would  gravitate  equally  towards  the  othei  j 
half,  were  they  free  from  all  external  attraction. 

But  by  the  action  of  the  moon,  the  gravitation  of  one  half-earth  to> 
wards  its  centre  is  diminifned,  and  of  the  other  is  increafed. 

Now  in  the  half-earth  next  the  moon,  the  parts  in  the  zenith  beinj   j 
molt  attracted,  and  thereby  their  gravitation  towards  the  earth's  centn 
diminifhed ;  therefore  the  waters  in  thefe  parts  muft  be  higher  than  ir   I 
any  other  part  of  this  half-earth. 

And  in  the  half-earth  farthefl  from  the  moon,  the  parts  in  the  nadii 
being  lefs  attracted  by  the  moon  than  the  parts  nearer  to  her,  do  there'   I 
fore  gravitate  lefs  towards  the  earth's  centre,  and  confequently  the  water 
in  thefe  parts  muft  be  higher  than  they  are  in  any   other  part  of  thiifl 
half-earth. 

616.  Thofe  parts  of  the  earth  where  the  moon  appears  in  the  horizon,  o\\\ 
is  90  degrees  diftantfrom  the  Zenith  and  Nadir,  will  have  the  ebbs  or  low$m 
waters. 

For  as  the  waters  in  the  Zenith  and  Nadir  rife  at  the  fame  time 
the  waters  in  their  neighbourhood  will  prefs  towards  thofe  places  t( 
maintain  the  equilibrium;  and  to  fupply  the  places  of  thefe,  others  wilj| 
move  the  fame  way,  and  fo  on  to  places  900  diftant  from  the  fai« 
Zenith  and  Nadir :  Confequently  in  thofe  places  where  the  mooi 
appears  in  the  horizon,  the  waters  will  have  more  liberty  to  defcerw 
towards  the  centre  5  and  therefore  in  thofe  places  they  will  be  th 
lowefr. 

617.  Hence  it  plainly  follows,  that  the  ocean,  did  it  cover  the  fur 
face  of  the  earth,  mull  put  on  a  fpheroidal,  or  egg-like  figure ;  whereii 
the  longeft  diameter  partes  thro'  the  place  where  the  moon  is  vertical 
and  the  fhortefl  diameter  will  be  where  fhe  is  in  the  horizon.  And  a 
the  moon  apparently  fhifts  her  pofition  from  eaft  to  well  in  going  roum 
the  earth  every  day,  the  longer  diameter  of  the  fpheroid  following  he 
motion,  will  occulion  the  two  floods  and  ebbs  obfervable  in  about  ever 
25  hours,  which  is  the  length  of  a  lunar  day  ;  that  is,  the  time  fpen 
between  the  moon's  leaving  the  meridian  of  any  place,  and  coming  t< 
it  again  :  So  that  the  time  of  high  water  any  day  is  about  an  hour  late 
than  it  was  the  preceding  day.  Thus  fuppofe  it  is  high  water  to  day  a 
12  o'clock,  it  v>i;J  be  b'gh  water  to-morrow  about  one  in  the  after 
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6 1 8.  The  time  of  high  water  is  not  precifely  at  the  time  of  the  moon's 
ming  to  the  meridian,  but  about  three  hours  after. 

For  the  moon  acts  with  fome  force  after  fhe  has  paft  the  meridian, 

id  thereby  adds  to  the  libratory  or  waving  motion  which  fhe  has  put 

e  water  into,  whilft  fhe  was  in  the  meridian  ;    in  the  fame  manner  as 

;fmall  force  applied  to  a  ball  already  raifed  to  fome  height,  will  raife 

ftill  higher. 

619.  The  Tides  are  greater  than  ordinary  twice  every  month  ;  that  is ', 
lout  the  times  of  new  and  full  moon  :  Thefe  are  called  Spring  tides. 

For  at  thefe  times  the  actions  of  both  the  fun  and  moon  concur,  or 
1  aw  in  the  fame  right  line ;  and  therefore  the  fea  muft  be  more  elevat- 
I :  In  conjunction,  or  when  the  fun  and  moon  are  on  the  fame  fide  of 
te  earth,  they  both  confpire  to  raife  the  water  in  the  Zenith,  and  con- 
quently  in  the  Nadir:  And  when  the  fun  and  moon  are  in  oppoftion, 
1  at  is  when  the  earth  is  between  them,  whilft  one  makes  high  water  in 
re  Zenith  and  Nadir,  the  other  does  the  fame  in  the  Nadir  and  Zenith. 

620.  The  tides  are  lefs  than  ordinary  twice  every  month  ;  that  is  about  the 
,ncs  of  firji  and  laji  quarters  of  the  moon:  And  thefe  are  called  Neap 
j:des. 

Because  in  the  quarters  of  the  moon,  the  fun  raifes  the  water  whera 
re  moon  deprefles  it ;  and  deprefles  where  the  moon  raifes  the  water; 
I  that  the  tides  are  made  only  by  the  difference  of  their  actions. 
It  muft  be  obferved  that  the  fpring  tides  happen  not  directly  on  the 
:w  and  full  moons,  but  rather  a  day  or  two  after,  when  the  attractions 
■'  the  fun  and  moon  have  confpired  together  for  a  confiderable  time.  In 
l:e  manner  the  Neap  tides  happen  a  day  or  two  after  the  quarters,  when 
te  moon's  attraction  has  been  leflened  by  the  fun's  for  feveral  days  to- 
kher. 

621.  When  the  moon  is  in  her  Perigjeum,  or  nearejl  approach  to  the 
irth,  the  tides  increafe  more  than  in  the  fame  circumfances  at  other  times. 

For  according  to  the  laws  of  gravitation,  the  moon  muft  attract 
30ft  when  fhe  is  neareft  to  the  earth. 

622.  The  fpring  tides  are  greatefl  about  the  time  of  the  Equinoxes, 
nt  is  about  the  middles  of  March  and  September ,  than  at  other  times  of 
w  year  ;  and  the  neap  tides  then  are  lefs. 

Because  the  longer  diameter  of  the  fpheroid,  or  the  two  oppofite 
hods,  will  at  that  time  be  in  the  earth's  Equator  j  and  confequently  will 
^fcribe  a  great  circle  of  the  earth ;  by  whofe  diurnal  rotation  thofe 
i*ods  will  move  fwifter,  defcribing  a  great  circle  in  the  fame  time  they 
led  to  defcribe  a  JefTer  circle  parallel  to  the  equator,  and  confequently 
te  waters  being  thrown  more  forcibly  againft  the  fhores,  they  muft  rife 
Igher. 

623.  All  the  things  hitherto  explained  would  exactly  obtain,  was  the 
'hole  furface  of  the  earth  covered  with  fea :  But  fince  it  is  not  fo,  and 
iere  being  a  multitude  of  iflands,  befide  continents,  lying  in  the  way 

<  the  tide,  which  interrupt  its  courfe  j  therefore  in  many  places  near  the 
lores,  there  arife  a  great  variety  of  other  appearances  befide  the  fore- 
jung  ones,  which  require  particular  folutions,  wherein  the  fituation  of 
ie  fhores,  ftraits,  fhoals  and  other  things,  muft  neceflarily  be  confi-  . 

<  red,    For  inftance  ; 

624. 
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624.  As  the  fea  *  has  no  vifible  paffage  between  Europe  and  Afric. 
let  them  be  fuppofed  one  continent,  extending  from  72  degrees  north  .1 
34  degrees  fouth,  the  middle  between  thefe  two  would  be  in  latitut  I 
19  degrees  north,  near  Cape  Blanco  on  the  weft  coaft  of  Africa:  But  I 
is  impoffible  that  the  flood  tide  mould  fet  to  the  weftward  upon  the  we 
coaft  of  Africa  (for  the  general  tide  following  the  courfe  of  the  mooj  £ 
muft  fet  from  eaft  to  weft),  becaufe  the  continent  for  above  50  dcgre 
both  northward  and  fouth  ward  bounds  that  fea  on  the  eaft  ;  and  therefo. 
if  any  regular  tide,  as  proceeding  from  the  motion  of  the  fea,  from  ea 
to  weft,  mould  reach  this  place,  it  muft  either  come  from  the  nori 
of .  Europe  fouthward,  or  from   the  fouth   of  Africa  northward,  to  tl  jq 
laid  latitude  upon  the  weft  coaft  of  Africa. 

625.  This  opinion  is  further  corroborated,  or  rather  fully  confirme 
by  common  experience,  that  the  flood  tide  fets   to  the  fouthward  aloi 
the  weft  coaft  of  Norway,  from  the  north  cape  to  the  Naze,  or  entran 
of  the  Baltic  Sea,  and  fo  proceeds  to  the  fouthward  along  the  eaft  co; 
of  Great  Britain,  and  in  its  paffage  fupplies  all  thofe  ports  with  the  tii  'a 
one.  after  another,  the  coaft  of  Scotland  having  the  tide  firft,   becaufe  L 
proceeds  from  the  north  ward  to  the  fouthward  ;  and   thus  on  the  da  j 
of  the  full  or  change  it  is  high  water  at  Aberdeen  at  I2h.  45  m.  but  li 
Tinmouth  bar,  the  fame  day,  not  till  3  h.     From  thence  rolling  to  t'i 
fouthward  it  makes  high  water  at  the  Spurn  a  little  after  5  h.  but  n 
till  6  h.  at  Hull,  by  reafon  of  the  time  required  for  its  paffage  up  t!| 
river ;  from  thence  paffing  over  the  Wellbank  into  Yarmouth  road,  it  mak  ■ 
high  water  there  a  little  after  8  h.  but  in  the  Pier  not  till  9  h.  and  it  rj 
quires  near  an  hour  more  to  make  high  water  at  Yarmouth  town  ;  in  ti 
mean  time  fetting  away  to  the  fouthward,  it  makes  high  water  at  Ha 
•wich  at  10  h.  30  m.  at  the  Nore  at  12,  at  Grave/end  1  h.  30  m.  and 
London  at  3  h.  all  in  the  fame  day :  And  although  this  would  feem 
contradict  that  hypothecs,  of  the  natural  motion  of  the  tide  being  fro(l 
eaft  to  weft,  yet  as  no  tide  can  flow  weft  from  the  main  continent  1 
Nr.nvay  or  Holland,  or  out  of  the  Baltic,  which  is  furrounded  by  ti  j 
main  continent  except  at  its  entrance,  it  is  evident,  that  the  tide  we  hail 
been  now  tracing  by  its  feveral  ftages  from  Scotland  to  London,  is  ful 
plied  by  the  tide  whofe  original  motion   is  from  eaft  to  weft;  yet  tiM 
water  always  inclines  to  the  level,  it  will  in  its  paffage  fall  towards  aijjj 
other  point  of  the  compafs,  to  fill  up  vacancies  where  it  finds  them,  a:jl 
yet  not  contradict,  but  rather  confirm  the  firft  hypothefis. 

626.  While  the  tide  or  high  water  is  thus  gliding  to  the  fouthwa 
along  the  eaft  coaft  of  England,  it  alfo  fets  to  the  fouthward  along  the  w« 
coafts  of  Scotland  and  Ireland,  a  branch  of  it  falls  into  St.  George's  ch»H 
nel,  the  flood  running  up  north  eaft,  as  may  be  naturally  inferred  frc|L 
its  being  high  water  at  Water  ford  above  three  hours  before  it  is  hi;  I 
water  at  Dublin  or  thereabout  on  that  coaft ;  and  it  is  three  quarters  (l 
an  hour  ebb  at  Dublin  before  it  is  high  water  at  the  IJle  of  Man,  &c. 1  i 

But  not  to  proceed  further  in  particulars  than  our  own  or  the  Brit\  , 
channel,  we  find  the  tides  fet  to  the  fouthward  from  the  coaft  of  IrelatiM 
and  in  its  paffage  a  branch  of  it  falls  into  the  BritiJI)  channel   betweloj 

*  Vareniuis  Geogr.  p.  813.     Edit.  1734.' 
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se  Lizard  and  UJhant ;  its  progrefs  to  the  fouthward  ma}'  be  eafily 
joved,  by  its  being  high  water  on  the  day  of  the  full  and  change  at 
type  Clear  after  4  h.  and  at  UJhant  about  6  h.  and  at  the  Lizard  after 
jh.  The  Lizard  and  UJhant  may  properly  be  called  the  chaps  of  the 
\itijh  channel,  between  which  the  flood  fets  to  the  eaftward  along  the 
cafts  of  England  and  France,  till  it  comes  to  the  Goodwin  or  Galloper , 
ijiere  it  meets  the  tide  beforementioned,  which  fets  to  the  fouthward., 
zpng  the  coaft  of  England  to  the  Thames,  where  thefe  two  tides  meet- 
ig,  contribute  very  much  towards  fending  a  powerful  tide  up  the  Thames 
('London :  And  by  the  bye,  when  the  natural  courfe  of  the  tide  is  in- 
tirupted  by  a  fudden  fhift  of  the  wind  ;  and  between  this  northern  and 
itchern  fide,  driving  one  back,  and  the  other  in,  has  been  known  to 
ccafion  twice  high  water  in  3  or  4  hours,  which  by  thofe  who  did  not 
ctnfider  this  natural  caufe  was  looked  upon  as  a  prodigy. 
I627.  But  now  it  may  be  objected,  that  this  courfe  of  the  flood  tide, 
ejl,  or  eaft  north  eaft,  up  the  channel,  is  quite  contrary  to  the  hypo- 
t:fis  of  the  general  motion  of  the  tides  being  from  eaft  to  weft,  and 
ofequently  of  its  being  high  water  where  the  moon  is  vertical,  or  any 
yiere  elfe  in  the  meridian. 

iin  anfwer.  This  particular  direction  of  any  branch  of  the  tide  doth 
t  at  all  contradict  the  general  direction  of  the  whole;  a  River,  whofe 
rrfe  is  weft,  may  fupply  canals  which  may  wind  north,  fouth,  or  even 
e  t,  and  yet  the  river  keep  its  natural  courfe  ;  and  if  the  river  ebb  and 
fw,  the  canals  fupplied  by  it  would  do  the  fame,  but  not  keep  exact 
tjie  with  the  river,  becaufe  it  would  be  flood,  and  the  river  advanced 
tjfome  height,  before  the  flood  reached  the  further  part  of  the  canals, 
aid  the  more  remote,  the  longer  time  it  would  require ;  and  it  may  be 
ajled,  that  if  it  was  high  water  in  the  river  juft  when  the  moon  was  on 
ti:  meridian,  fhe  would  be  far  paft  it,  before  it  could  be  high  water  in 
R  remoteft  part  of  thofe  canals  or  ditches,  and  the  flood  would  fet  ac- 
C'ding  to  the  courfe  of  thofe  canals  that  received  it,  and  could  not  fet 
*fft  up  a  canal  of  a  different  pofition  ;  and  as  St.  George's  channel,  the 
Litijh  channel,  &c.  are  no  more  in  proportion  to  the  vaft  ocean,  than 
tlfe  canals  are  to  a  large  navigable  river  ;  it  will  evidently  follow,  that 
aong  thofe  obftructions  and  confinements,  the  flood  may  fet  upon  any 
oler  point  of  the  compafs  as  well  as  weft,  and  may  make  high  water 
aiany  other  time  as  well  as  when  the  moon  is  upon  the  meridian,  and 
yj:  no  way  contradict  the  general  theory  of  the  tide  before  afferted. 

|528.  From  the  obfervations  of  many  perfons,  there  have  been  col- 
ored the  times  when  it  is  high  water  on  the  days  of  the  new  and  full 
■roris,  on  moft  of  the  fea  coafts  of  Europe,  and  many  other  places: 
i)efe  times  are  ufually  put  in  a  table  againft  the  names  of  the  places 
defted  in  an  alphabetical  order;  the  like  is  followed  in  this  work,  only 
%  are  not  given  in  a  table  by  themfelves,  but  make  a  column  in  the 
fcile  of  the  Latitudes  and  Longitudes  of  places ;  which  column  is  not 
n;d  up  againft  many  of  the  names  in  that  table  for  Want  of  a  fufficient 
Cjlection  of  obfervations :  This  may  be  fupplied  by  thofe  who  have  op- 
P'tunity  and  inclination. 

The  ufe  of  fuch  a  Table  is  to  find  the  time  when  it  is  high  water  at 
V  of  the  places  mentioned  therein  ;  But  as  this  depenas  upon  knowing 
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the  time  when  the  moon  comes  to  the  meridian*  and  this  on  the  moon 
age,  and  this  on  the  knowledge  how  to  find  fome  of  the  common  not< 
in  the  Calendar ;  therefore  it  was  thought  convenient  to  introduce  i  3 
this  place  a  compendium  of  Chronology,  wherein  will  be  contained  tl 
feveral  articles  abovementioned. 

SECTION    VI. 

Of  Chronology. 

629.  Chronology  is  the  art  of  efti mating,  and  comparing  together 
the  times  when  remarkable  events  have  happened,  fuch  as  are  related  t'l 
hiftory. 

An  iERA  or  Epocha  is  a  time  when  fome  memorable  tranfa£tion  0  1 
curred  ;  and  from  whence  fome  nations  date,  and  meafure  their  comp'  | 
tations  of  time. 


Some  have  dated  their  events  from  the  creation  1 
of  th  e  world.  ) 

Others  from  the  deluge  or  flood. 

The  Greeks  from  their  Olympiads  of  4  years  ) 
each.  ,  5 

The  Romans  from  the  building  of  Rome. 

The  Aftronomers  from  Nabonaflar  king  of? 
Babylon.  3 

Some  Hiftorians  from  the  death  of  Alexander  1 
the  Great.  5 

The  Chriftians  from  the  birth  of  Chrift. 

The  Mahometans  from  the  flight  of  Mahomet,  J 
and  called  the  Hegira.  J 

In  order  to  aflign  the  diftance  between  thefe,  and  other  events,  i 
Ancients  found  it  neceffary  to  have  a  large -meafure  of  time,  the  limitst 
which  was  naturally  pointed  out  to  them  by  the  return  of  the  feafo;< 
and  this  interval  they  called  a  year. 

630.  The  moft  natural  divifion  of  the  year  appeared  to  them  to  be  t 
returns  of  the  new  moon;  and  as  they  obferved  12  new  moons  tohapf 
within  the  time  of  the  general  return  of  the  feafons,  they  therefore  f 
divided  the  year  into  12  equal  parts,  which  they  called  months  :  And 
they  reckoned  about  30  returns  of  morning  and  evening  between 
times  of  the  new  moon  and  new  moon,  therefore  they  reckoned  tb 
month  to  confiit  of  30  days,  and  their  year  or  12  months  to  contain  3 
days ;  and  this  is  what  is  generally  underitood  by  the  Lunar  year  of 
Ancients. 

631.  But  in  length  of  time  it  was  found  that  this  year  did  not  ag 
with  the  courfe  of  the  fun,  the  feafons  gradually  falling  later  in  the  y 
than  they  had  been  formerly  obferved  j  this  put  them  upon  correct 
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;e  method  of  eftimating  their  year,  which  they  did  from  time  to  time, 
w  taking  a  day  or  two  from  the  month  as  often  as  they  found  it  too 
Ing  for  the  courfe  of  the  moon  ;  and  by  adding  a  month,  called  an  in- 
trcalary  month,  as  often  as  they  found  12  Lunar  months  to  be  too  fhort 
|r  the  return  of  the  four  feafons  and  fruits  of  the  earth  :  This  kind 
i  year  fo  corrected  from  time  to  time  by  the  Priefts,  whofe  bufinefs  it 
us,  is  what  is  to  be  underftood  by  the  Luni-folar  year  ;  which  was  an- 
nntly  ufed  in  moft  Nations,  and  is  ftill  among  the  Arabs  and  Turks. 

As  a  great  variety  of  methods  were  ufed  in  different  countries  to  cor- 
i5t  the  length  of  the  year,  fome  by  intercalating  days  in  every  year, 
jfd  others  by  inferting  months  and  days  in  certain  returns  or  periods  of 
jars;  and  thefe  different  methods  being  obferved  by  fome  eminent  men 
I  create  a  confiderable  difference  in  the  accounts  of  time  kept  by  neigh- 
1  uring  Nations,  thereby  introducing  a  confufion  in  the  Chronological 
t^der  of  times,  they  therefore  invented  certain  periods  of  years  called 
1  cles9  with  which  they  compared  the  moft  memorable  occurrences. 

632.  At  length  Julius  Ctefar  obferving  the  confufion  which  this  va- 
1  ty  of  accounts  occafioned ;  and  knowing  that  his  order,  as  Emperor 
1  the  Romans,  would  be  followed  by  a  very  confiderable  part  of  the 
nrld  :  He  therefore,  about  40  years  before  the  birth  of  Chrift,  decreed 
jilt  every  fourth  year  mould  confift  of  366  days,  and  the  other  three- 
«  365  days  each.  This  he  did  in  confequence  of  the  information  given 
,in  by  Syfogenes  an  eminent  mathematician  of  Alexandria  in  Egypt;  for 
i  that  time  the  philofophers  of  the  Alexandrinian  fchool  knew,  from 
i  ength  of  experience,  that  the  year  confifted  of  about  365  days  and  a 
niarter ;  and  this  was  the  reafon  of  ordering  every  fourth  year  to  confift 
«  366  days,  thereby  compenfating  for  the  quarter  day  omitted  in  each 
f  the  preceding  three  years  :  This  method,  called  the  Julian  Account , 
*  Old  Stile,  continued  to  be  ufed  in  moft  Chriftian  ftates  until  the 
)ar  1582. 

#?The  Aftronomers  fince  the  time  of  Julius  Ccefar  have  found  that  the 
tie  length  of  the  Solar  year,  or  common  year,  is  365  days  5  hours  48 
Sinutes  55  feconds  &c.  being  lefs  than  the  Julian  of  365  days  6  hours, 
\  about  11  minutes  5  feconds,  which  is  about  the  130th  part  of  86400, 
te  feconds  contained  in  a  day  ;  fo  that  in  130  Julian  years  there  would 
fc  one  day  gained  above  130  Solar  years ;  confequently  one  day  omitted 
it  every  130  common  years  would  bring  tha  current  account  of  time 
t  agree  very  nearly  with  the  motion  of  the  fun. 

1633.  In  the  year  of  our  Lord  325,  when  the  council  of  Nice  fettled  the 
w  for  the  celebration  of  Eafter,  the  Vernal  Equinox  (that  is  the  day  in 
ii  fpring  when  the  fun  rofe  at  6  and  fet  at  6)  happened  on  the  21ft  of 
larch  :  But  about  the  year  1580  the  Vernal  Equinox  fell  on  the  nth  of 
.larch,  making  a  difference  of  about  10  days.  Now  Gregory  the  XHIth, 
Vk>  was  Pope  at  that  time,  obferving  that  this  difference  of  time  in 
ts  falling  out  of  the  Equinox  would  affe£f,  the  intention  of  the  Nicene 
c;ncil  concerning  the  time  of  the  year  appointed  by  them  for  the  cele- 
htion  of  Eafter:  He  therefore  in  the  year  1581  publifhed  a  Bull,  or- 
bing that  in  the  year  1582  the  5th  of  O&ober  mould  be  called  the 
*th,  and  fo  on;  whereby  the  ic  days  taken  off  would  caufe  the  time 
i  the  Vernal  Equinox  to  fall  on  the  21ft  of  March,  as  at  the  tkne  of 
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the  Nicene  council.  And  to  prevent  any  future  difference,  all  the  fuc 
ceeding  hundredth  years  divisible  by  4,  fuch  as  the  years  1600,  2000 
2400,  2800,  &a  fhould^  contain  366  days  ;  and  the  centuries  or  hun 
dredth  years  not  divifible  by  4,  as  1700,  1800,  1900,  2 1 00,  tsc.  fhoul< 
contain  only  365  days  ;  the  intermediate  years  to  be  reckoned  as  the 
ufed  to  be  in  the  Julian  or  Old  Stile.  This  Pope's  alteration  called  th 
Gregorian  or  New  Stile,  was  received  in  moil:  of  the  Chriftian  ftatcs 
But  fome  at  that  time  chofe  to  continue  the  Julian  ;  among  whom,  th 
Englifh  in  the  year  JJS2  reformed  their  account,  and  introduced  amor, 
themfelves  a  ikw  one,  that  nearly  correfponds  with  the  Gregorian. 

A  certain  length  of  the  year  being  once  fettled,  and  a  regular  accour, 
of  time  in  confequence  thereof  being  fo  fitted  as  to  conform  invariabll* 
to  the  feafons ;  it  was  natural  for  the  States  who  received  fuch  accoun' 
to  fit  thereto  a  regifter  of  the  days  in  each  month,  and  therein  to  not 
the  days  when  any  remarkable  occurrence  was  to  be  commemorated 
and  fuch  remitter  has  obtained  the  name  of  Calendar. 

634.  The  Calendar  now  in  ufe  among  moll  of  the  Chriflian  ftates  cqr 
fills  of  12  months,  called  January,  February,  March,  April,  May,  Jim, 
July,  Augujl,  September,  Oflober,  November,  December  j  thefe  months  ai 
called  civil;    the  number  of  days  in  each  may  be  readily  remember ' 
by  the  following  rule. 

635.  Thirty  days  has  November,  April,  Jane  and  September  ; 
February  has  twenty  eight  alone,  All  the  reft  have  thirty  one, 

When  the  year  confifts  of  365  days  :  But  in  every  fourth,  which  cq>i  I 
lifts  of  366  days,  February  has  29.     This  additional  day  was  interq.h 
lated  after  the   24th  of  February,  which   in   the  old  Roman  Calenda 
was  called  the  Jixtb  of  the  calends  of  March,  and  being  this  year  reckoncfc 
twice  over,  the  year  was  called  Bijfextile  or  Leap  year. 

Befide  the  Months,  time  is  alio  divided  into  Weeks,  Days,  Hour 
Minutes,  csV.  a  year  containing  52  weeks,  a  week  7  days,  a  day  : 
hours,  an  hour  60  minutes,  &c. 

In  the  Calendars  it  has  been  ufual  to  mark  the  feven  days  of  the  wei 
with  the  feven  firft  letters  of  the  Alphabet;  always  calling  the  lflf  n 
January  A,  the  2d  B,  the  3d  C,  the  4th  D,  the  5th  E,  the  6th  F,  ai< 
the  7th  G,  and  fo  on,  throughout  the  year ;  and  that  letter  anfwering:: 
all  the  fundays  for  a  year  is  called  the  Dominical  Letter. 

According  to  this  difpofition,  the  letters  anfwering  to  the  firft  day  , 
every  month  in  the  year  will  be  known  by  the  following  rule. 

636.  At  Dover  Dwells  George  Brown  Efquire, 
Good  Chriftopher  Finch   And  David  Frier. 

Where  the  firft  letter  of  each  word  anfwers  to  the  letter  belonging 
the  firft  day  of  the  Months  in  the  order  from  January  to  December. 

637.  A  year  of  365  days  contains  52  weeks  and  i  day  ;  and  a  L.e 
year  has  52  weeks  and  2  days  ;  therefore  the  firft  and  laft  days  of  a  coj 
mon  year  fall  en  the  fame  week  day,  luppofe  it  Monday ;  then  the  n< 
year  begins  on  a  Tuefday,  the  next  year  on  JVednefday,  and  fo  on  to.l 
eighth  year,  which  would  be  on  Monday  again,  did  every  year  cont; 
365  days  ;  alfo  the  Dominical  letter  would  run  backwards  thro'  all  1 
/even  letters :  But  this  round  of  feven  years  is  interrupted  by  the  Lt 
years ;  for  herein  February  having  a  29th  day  annexed,  the  full  Dor, 

ni 
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ileal  letter  in  March  muft  fall  a  day  fooner  than  in  the  common  year; 
-)  that  Leap  year  has  two  Dominical  letters,  the  one  (fuppofing  G) 
erving  for  "January  and  February,  and  the  other,  which  is  the  preceding 
;tter  (F)  ferves  for  the  reft  of  the  Sundays  in  that  year. 

638.  The  Solar  cycle,  or   cycle    of  the   fun,    is  a  period  of  28 
ears,  in  which  all  the  varieties  of  the  Dominical  letters  will  have  hap- 
pned,  and  the  fame  order  of  the  letters  will  return  as  were  28  years  be-   \ 
)re.     At  the  birth  of  Chrift  9  years  had  paft  in  this  cycle. 

For  the  changes,  were  all  the  years   common  ones,  would  be  7, 

But  the  interruptions  by  leap  year  being  every  fourth  year ; 

Therefore  the  changes  will  be  4  times  7,  or  28  years. 

This  return  of  the  Dominical  letters  is  conftant  in  the  "Julian  ac- 
>unt :  But  in  the  Gregorian,  where  among  the  compleat  centuries,  or 
undredth  years,  only  every  fourth  is  leap  year  ;  the  other  three  hun- 
euth  years,  which  according  to  the  Julian  would  be  leap  years,  are  by 
ie  Gregorians  only  common  years  of  365  days :  in  thefe  all  the  letters 
uft  be  removed  one  place  forwards  in  a  direct  order;  and  either  year, 
ftead  of  having  two  Dominical  letters  (as  fuppofe  D,  C)  will  have  only 
ie  (as  D),  the  dominical  letters  moving  retrograde. 

639.  The  Lunar  cycle,  or  the  cycle  of  the  moon,  is  a  period  of 
:neteen  years,  containing  all  the  variations  of  the  days  on  which  the 
j:w  and  full  moons  happen  ;  after  which  they  fall  on  the  fame  days  they 
•J  19  years  before:  But  when  a  centeflrfnal  or  hundredth  year  falls  in 
ie  cycle,  the  new  and  full   moons,  according  to  the  New   Stile,  will 

■  M  a  day  later  than  otherwife.  The  year  of  the  birth  of  Chrift  was  one 
]ar  after  the  beginning  of  this  cycle. 

This  cycle,  fometimes  called  the  Metonic  cycle,  from  Meton  an  Athe- 
nn  who  invented  it  about  432  years  before  Chrift,  is  not  fo  perfect 
c  was  at  firft  imagined  by  thole  who  reckoned  19  folar  years  exactly 
cual  to  235  lunations,  or  new  moons ;  for  by  later  obfervations  the 
ecle  is  found  lefs  than  19  years,  by  one  hour  twenty  eight  minutes; 
Mereby  the  new  moons  will,  in  311  years,  happen  a  day  earlier  than 

!  a:ording  to  the  Metonic  account ;  and  confequently  all  thofe  feftivals 
(pending  on  the  new  moons,  will  in  time  be  removed  into  different 
i  fons  of  the  year  than  at  their  firft  inftitution. 

640.  The  Prime,  or  Golden  number,  is  the  number  of  years 
epfed  in  this  cycle.     At  the  birth  of  Chrift,  the  Golden  number  was  2. 

641.  The  Epact  of  any  year,  is  the  Moon's  age  at  the  beginning 
cthat  year  ;  that  is,  the  days  paft  fmce  the  laft  new  moon. 

The  time  between  new  moon  and  new  moon  is  in  the  neareft  round 
umbers  294  davs  ;  therefore  the  Lunar  year  confifting  of  12  Lunations, 
r;ift  be  equal  to  354  days,  which  is  1 1  days  lefs  than  the  folar  year  of 
35  days :  Now  fuppofing  the  Solar  .and  Lunar  years  to  begin  toge- 
t'.r,  the  Epact  is  o,  the  beginning  of  the  next  folar  year,  the  Epact.  is 
i;  the  3d  year  the  Epa£t  is  22,  the  4th  33,  &c.  But  when  the  Epa£fc 
eireeds  30,  then  an  intercalary  month  of  30  days  is  added  to  the  Lunar 
yir,  making  it  confift  of  13  months;  fo  that  the  Epacl  at  the  beginning 
othe  4th  year  is  only  3,  the  5th  14,  the  6th  25,  the  7th  36,  or  only 
6  on  account  of  the  intercalary  month  ;  and  fo  on  to  the  end  of  the 
C:le  of  19  years;  at  the  expiration  whereof,  the  fame  E pacts  would 

C  c  2  run- 
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run  over  again,  was  the  cycle  perfect  ;  and  the  Epact  would  always  b< 
II  tjmes  the  prime. 

642.  By  the  Nicene  council   it  was  enacted, 

1  ft.  That  Eaiter  day  fhould  be  celebrated  after  the  Vernal  Equinox 
which  at  that  time  happened  on  the  2  7  ft  of  March. 

2d.  That  it  fhould  be  kept  after  the  14th  day  of  that  moon  whicl 
happened  neareft  to  the  21ft  of  March  in  common  years,  and  nearef 
the  20th  of  March  in  Leap  year?, 

3d.  That  the  Sunday  next  following  the  14th  day  fhould  be  Eafte 
Sunday:  which  muft  always  fall  between  the  20th  or  21ft  of  March 
and  the  25th  of  April.  J 

643.  The  Moon's  southing  at  any  place,  is  the  time  when  fh| 
comes  to  the  meridian  of  that  place,  which  is  every  day  later  by  abou 
•£  of  an  hour,  or  48  minutes  ;  occalioned  by  the  hours  in  a  day  being  di 
vided  by  the  30  times  fhc  panes  the  meridian  from  new  moon  to  nev 
moon. 

The  fun  and  moon  come  to  the  Meridian  at  the  fame  time  on  th 
day  of  new  moon  or  change  ;  alfo  the  moon  comes  to  the  oppofite  par 
of  the  fame  meridian,  when  in  oppohtion,  or  at  full  moon:  Hence  be; 
tween  new  and  full,  (he  comes  to  the  meridian  in  the  afternoon  j  a 
full  fhe  fouths  at  midnight,  and  after  full  at  paft  midnight,  or  in  th 
morning ;  likewife  when  at  change,  fhe  rjfes  nearly  with  the  fun  j  a 
full  (he  rifes  about  the  time  the  fun  fets. 

The  motion  of  the  tide  is  regulated  by  that  of  the  moon,  whof 
motion  is  15  degrees  an  hour,  or  one  point  of  the  compafs  in  45  mi 
nutes. 

644.  The  Roman  indictton  is  a  cycle  of  15  years,  ufed  by  the 
cient  Romans.     Three  years  of  this   cycle  was  elapfed   at  the  birth  c 
Chrift.        -    ■ 

The  Dionysian  period  is  a  cycle  of  532  years,  arifing  by  multi 
plying  together  28  and  19,  the  folar  and  lunar  cycles,  and  was  contrive 
by  Dionyfius  Exignus^  a  Roman  abbot,  about  the  year  of  Chrift  527,  i 
a  period  for  comparing  of  chronological  events. 

The  Julian  period  contains  7980  years;  it  arifes  by  multiplyini 
together  28,  19,  15,  the  cycles  of  the  Sun,  Moon  and  Indiction.  Thi 
was  alfo  contrived  as  a  period  for  chronological  matters ;  and  its  begin 
njng  is  put  710  years  before  the  ufual  date  of  the  creation. 

From  the  principles  laid  down  in  the  preceding  articles,  depend  th 
folution  of  the  following;  Problems. 


645.  Problem  I.     To  find  whether  any  given  year  be  Leap  year. 

Rule.  Divide  the  given  year  by  4,  if  o  remains  it  is  leap  year  J  ; 

1,  2,  or  3  remains,  it  is  fo  many  years  after. 
Obferving  that  the  years  1800,  1900,  210Q  &c.  are  common  year's, 


Ex.  I.  Is  1752  Leap  year  ? 
4)' 7 52(43'« 


Remains  o,  io  it  is  leap  year.  {    Remains  3  years  paft  leap  ycaf 


Ex.  II.  Is  1759  Leap  year  ? 
4)^759(439 


H* 
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646.  Problem  II.  To  find  the  Dominical  letter  till  the  year  1S00. 

Rule.  To  the  given  year  add  its  fourth  part,  divide  the  fum  by  7  ; 
the  remainder  taken  from  7  leaves  the  index  of  the  letter  in 
common  years  ;  reckoning  A  1,  B  2,  C  3,  tffV. 

But  in  Leap  years,  this  letter  and  its  preceding  one  are  the  domi- 
ical  letters. 


Ex,  I.  For  the  year  1753. 
4)!753 
438 

I     7)2191(313 

I  Remain?  o.    Then  7  —  ozzyzzG. 
I  So  G  is  the  Dom.  letter. 


Ex.  II.  For  the  year  1756. 
4)»756 
439 

7)zi9S(3I3 


7)21 


Remains  4.   Then  7  —  4  —  3  ~  C. 
So  D,  C,  are  the  Dom.  letters. 


!  647.  Problem  III.    To  know  on  what  week  day  any  propofed  day  will 

y. 

'  Rule.  Find  the  dominical  letter  (646) ;  Alfo  the  week  day  the  ift 
«  the  propofed  month  falls  on  (636)  ;  And  hence  the  name  of  the 
ropofed  day  of  the  month  will  be  known,  obferving  that  the  ift,  8th, 
5th,  22d  and  29th  days  of  any  month  fall  on  the  fame  week  day. 


/  Ex.  I.  In  1753  on  what  day   of 
be  week  does  the  iitb  of  April  fall  ? 

Che  dominical  letter  is  G, 
ji.nd  the  ift  of  April  is  G, 
Therefore  April  8th  is  Sunday, 
/onfequently  the  1 2th  is  Thurfday. 


Ex.  II.  On  what  day  of  the  week 
do£S  i^th  of  September  fall  in  1756? 

The  dominical  letter  is  C, 
And  the  iftof  Sept.  isForWednefii. 
Therefore  the  22d  is  Wednefday, 
Confequently  the  24th  is  Friday. 


,  648.  Problem  IV.  To  find  the  year  of  the  Solar,  Lunar  and  Indifti- 
n  cycles. 

[  Rule.  To  the  given  year  add  9  for  the  Solar,  1  for  the  Lunar,  3  for 
the  Indication:  Divide  the  furns  in  order  by  28,  19,  15;  the 
remainder  in  each  (hews  the  year  of  i^s  refpedtive  cycle. 

(638,  639,  P44) 

\  Exam.  Required  the  years  of  the  Solar,  Lunar  and  Indication  cycles  for 

'he  year  1753? 

1753  I753  1753 

+  9  +  »  +3 


.  28)1762(68  19)1754(92 

Rem.   26  —  Solar  cycle. 


15)1756(117 

1  :=Indi&ion  cycle. 


6  =  5  Lunar  cycle, 
\  or  Gold.  N°. 

Whereby  it  appears,  f  26th  year  of  the  63d  Solar  cycle  1  fince  the 

that  the   year  1 753 <  6th  year  of  the  93d  Lunar  cycle  Vbirth   of 

^  the  "  I  ift  year  of  ijtie  u8th  lndittion  cycle.    jChrift. 

649. 
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649.  Problem  V.  To  find  the  EpacJ  till  the  year  1900. 

Rule.  Multiply  the  golden  number  for  the  given  year  by,  11,  and 
divide  the  produdt  by  30  ;  from  the  remainder  take  11,  leavoi 
the  EpacT:. 

If  the  remainder  is  lefs  than  11,  add  19  to  it,  and  it  gives  the  Epa& 


Ex.  I.  Find  the  Epacl  for  1753  ? 
The  Golden  N°.  is  6'  (64S) 

Multiply  by      11 


30)66(2 


Remains 
Add 

The  fum 


6,  lefs  than  n. 
25  =  Epaft. 


Ex.  II.  Find  the  EpaSl  for  1760I J 
The  Golden  N°.  is  1  3,  found  by  648. 
Multiply  by         11 


3°*i43(4 


Remains 
Subtrad 

Leaves 


23,  more  than  it.  I 
11 

12  —  Epaft. 


650.  Problem  VI.  To  find  the  Moon's  age. 

Rule.  To  the  Epa&   add   the   number,  and  day   of   the  month j  I 

their  fum,  if  under  30,  is  the  Moon's  age. 
But  if  that  fum  is  greater,  30  taken  from  it  leaves  the  Moon's  age. 
The  Moon's  age  taken  from  30  leaves  the  day  of  the  next  change. 
When  the  folar  and  lunar  years  begin  together,  the  moon's  age  on 
the  1  ft  of  each  month,  or  the  monthly  Epadls,  are  called  the  numbers 
of  the  month, 

£0212345        6      8        8       10     10 
aiet  Jan.  Feb.  Mar.  Apr. May.  June.  July.  Aug.  Sept.  Oft.  Nov. Dec. 


and 


Ex.  I.  TPlwt  is  the  Moon's  age  on 
the  2  ijl  of  March  1753? 

The  EpacT:  is  25  (649) 

.  The  N*  of  month     1 
'  The  day  of  month  2 1 


The  fum  is 
Take  away 


47 
30 


Leaves  1 7  tz  Moon's  age. 

Then  (30  —  17  fcr)  13  days  after  the 

Z  ift  of  March,  or  Apr.  3d  is  new  moon. 


Ex.  II.  What  is  the  Moon's  age  en 
the  20th  of  March  1760  ? 

The  Epaft  is  1  2.  (649] 

Then    1  2  -f-  1  -f-  20  =:  33    is  then 
fum  of  the   Epaft,  number   and  day 
of  the  month. 

And  (33  —  30  —)  3  —  the  MoonV 
age. 

Alfo  (30  —  3  — )  27  days  after  thei 
20th  of  March,  or  April  the  i6thisi] 
the  day  of  the  next  new  moon. 


651.  Problem  VII.  To  find  xvhen  Eafler  day  will  happen. 

Rule.  Find  the  Moon's  age  on  March  21ft  in  common   years,  onu 
on  March  20th  in  leap  years ;  and  if  it  be  14,  find  the  week 
day,  and  the  Sunday  following  is  Eafter  day. 
If  the  Moon's  age  is  not  14,  reckon  as  many  days  forward  as  make 
14  ;  find  the  corresponding  week  day,  and  the  next  Sunday  following  is 
Killer  day. 


Ex. 
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Ex.  T.  On  what  day  does  Eafter 
%nday  fall  in  the  year  1753  ?' 
or  1753  che  dom.  letter  is  G.      (646) 
n  Mar.  21  the  Moon's  age  is  17  (650) 
,he  next  new  moon  is  on  Apr.  3d. 
nd  14.cn  day  is  on  April  16. 
pril  the  lit  is  G,  or  Sunday.        (647) 
pril  the  1 6th  is  Monday, 
hen  Eafter  Sunday  is  Apr.  23d. 


Ex.  II.  Required  the  time  ofEaJier 
day  in  the  year  1760  ? 
For  1760  the  dom.  letter  is  E.  (646) 
On  Mar.  20  the  Moon's  age  is  3.  (650) 
So  that  the  neareft  new  moon  to  Mar. 
20th  falls-  on  the  1 8th,  and  the  1 4th  day 
of  that  Moon  is  Mar.  3 1 . 
Mar.  1  ft  is  D,  or  Saturday.  (647) 

Then  the*  31ft  is  Monday. 
And  the  next  Sunday  or  Eafter  day  is 
on  April-  the  6th. 


652.  Problem  VIII.   To  find  the  time  of  the  Moon's  fouthing*. 

Rule.  Multiply  the  Moon's  age  by  4,  the  product  divided  by  5, 

quotes  the  hours,  and  the  remainder  multiplied  by  1 2  gives  the 

additional  minutes. 

If  this  time  is  lefs  than  12  hours,  it  is  the  time  of  the  fouthing  after 

tidday  :    But  if  greater,  12  hours   taken  from  it,  leaves  the  fouthing 

"ter  midnight. 


Ex.  I.  At  what  time  -does  the  moon 
m* to  the  meridian ,  Mar.  21,  1753? 
he  Moon's  age  is  17  days  (650) 

4 
5)68(13  h.  j6m. 

Remains      3 
12 

36  min. 

nfwer,  at  1  h.  36  m.  in  the  morning. 


Ex.  II.  Required  the  time  of  the  mom's 
fouthing  on  the  10th  of  'March ',  1760  \ 
The  Moon's  age  is  3  days  (650) 

•      4 

5>i2(2h.  24  m.  ' 

Remains     2 
12 

24  min. 


Anfwcr,  at  2  h.  24  m.  in  the  afternoon^ 

,  653.  Problem  IX.  To  find  th&  ti?ne  of  high  water  at  any  place. 

Rule.  To  the  time  of  the  rnoom's  fouthing,  add  the  time  the  moon 

has  palled  the  meridian  to  make  high  water  at  that  place ;  and 

the  fum  fhews  the  time  of  high  water. 

[  The  diftance  of  the  moon  from  the  meridian  when  high  water,  is 

|)und  in  the  right  hand  column  of  the  Table^  art.  659,  againft  the 

ame  of  the  place. 

Ex.  II.  Required  the  tim$  when  it 


Ex. I.  On 'the ■11ft of March •,  1753, 
I  what  time  is  it  high  water  at 
■ondsn  ? 

he  moon  fouths  at  1  h.  36  m>  A.M.  *■ 
'  (652) 

t  Lond.  ])  bears  7 
f.  E.  or  8.  W.     S  3 


00 


.'he  fum  gives  the 
'me  of  high  water 


4     36  A.  M. 


A.  M.  iigni£«£b#£prgnoen,  ormonyng. 


is  high  water  at  UJbant  March  20, 
1760? 

The  moon  fouths  at  2  h.  24  m.  P.  M.  f 

(652) 
AtUfhant  3)  bears  1 

N.  E.  by  E.   and  £  j    45  part  the  Mer. 
S.W.  by  W.  or  is  ) 

H.  water  at  Uihant  6     09  P.  M, 

*f  P.  M,  fignifies  after  noon,  or  evening. 

SECTION 
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SECTION    VII. 

Geographical  Problems. 

654.  Problem  I.  Given  the  latitudes  of  two  places, 
Required  their  difference  of  latitude, 


Case  I.  When  the  latitudes  of  the 
given  places  have  the  fame  name. 

Rule.  Subtract  the  lefTer  latitude 
from  the  greater,  the  remainder  is 
the  difference  of  latitude. 

Exam.  I.  What  is  the  difference 
if  latitude  between  London  and  Rome  ? 


London's  lat. 
Rome's  lat. 

Diff.  lat. 


5i 
41 


32' N. 
54  N. 


9 
60 


38 


578  miles. 

Exam.  II.  What  is  the  difference 
»f  latitude  between  the  Lizard  and 
the  IJland  of  Madeira  ? 

Lizard's  lat.         49°57/N. 

Madeira's  lat.      32    38  N. 


Diff.  lat. 


17    19 
60 


1039  miles. 

.  Exam.  III.  What  is  the  difference 
of  latitude  between  the  IJland  of  St. 
Helena  and  the  Cape  of  Good  Hope  ? 

C.  Good  Hope's  lat.     3-f°i5/S. 

St.  Helena's  lat.  16  00  S. 


Diff.  lat. 


18  15 

60 


1095  miles. 


Exam.  IV.  A  flip  from  the  latitude 
of  43*  1 8'  N.  is  come  to  the  lat.  of  "340 
49'  N.  Required  the  diff.  of  latitude  f 

Lat.' from         430  i8'N. 

Lat.  in  34    49  N. 


Diff.  lat. 


60 


29 


509  miles. 


43° 
5 

00 

N. 
S. 

45 
60 

*5 

Case  II.  When  the  latitudes  of 
the  given  places  have  contrary  names; 
Rule.  Add    the   latitudes   toge- 
ther, and  the  fum  will  be  the  dif- 
ference of  latitude. 

Exam.  I.  Required  the  diff.  of  laU 
between  C.  FiniJierreandC.  St.  Roquet^ 
C.  Finifterre  lat. 
C.  St.  Roque  lat. 

Diff.  lat. 


2895  miles. 

Exam.  II.  What  is  the  differ enct 
of  latitude  between  the  IJland  of  Bar- 
bados  and  C.  Negro  ? 

I.  of  Barbados's  lat.     1 30  oo'  N. 
C.  Negro's  lat.  16  30  S. 

■  ■ 

Diff.  lat.  29  30 

60 

1 770  miles. 

Exam.  III.  Required  the  differena 
of  latitude  between  C.  Horn  ant, 
C.  Corientes  in  Mexico  ? 

Cape  Horn's  lat. 

C.  Corientes's  lat. 

Diff.  lat. 


4560  miles. 

Exam.  IV.  A  Jhip  from  the  lat.  % 
8°  28'  S.  has  failed  north  to  the  lat.  61 
45'  N.  Required  the  diff.  of  latitude's 

Lat.  from  "8°  28'  S. 

Lat.  in  6    4;  N. 


55° 

20 

42' 
18 

S. 

N. 

76 
60 

00 

Diff.  lat.. 


15    13 
60 


9'3 


miles. 
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655.  PROBLEM   II.  Given  the  latitude' of  one  place,  and  the  difference 
of  latitude  between  it  and  another  place  : 
Required  the  latitude  of  the  other. 


ICase  I.  When  the  given  latitude 
Id  difference  of  latitude  have  the 
le  name. 

Rule.  To  the  given  latitude,  add 
tz  degrees  and  minutes  in  the  diff. 
I  latitude,  that  fum  is  the  other 
l'itude,  of  the  fame  name. 


Exam.  I.  A  jhip  from  the  lati- 
ile  of  380  14/  N.  fails  north  till 
f.  difference  of  latitude  is  12°  32'  : 
/  hat  latitude  is  Jhe  come  to  ? 

Lat.  from  3  8°  14/ N. 

'DiiF.lat.  12    32  N. 


Lat. 


50   46  N. 


Exam.  II.  A  Jhip  from  the  If  and 
ctj  Afcenfon  runs  fouth  till  her  diff. 
0  latitude  is  5'  37'  .'  What  is  the 
pfent  latitude  of  the  Jhip  ? 

jl.  Afcenfion's  lat.         70  41 ;  S. 

Diff.  lat.  5    37  S. 


Ship's  lat. 


13    18  S. 


Exam.  III.  A  Jhip  from  the  If  and 
tjMadeira  fails  iV".  675  miles:  IVloat 
U'tude  is  Jhe  in? 

p  Madeira's  lat.  320  38'  N. 

Diff.  lat.  6Z-S  (22)  =11    15 


60 


N. 


Ship's  lat. 


43   53  N. 


-xam.  IV.  Three  days  ago  we  were 
bthe  latitude  of  the  Cape  of  Good 
Ipe,  and  have  run  each  day  92  miles 
dv.clly  S.  What  is  our  prefent  lati- 
tie? 

Good  Hope's  lat.      34.0  15'  S. 


Diff.  lat. 


02  X   1, 

00 


(22)  =  4    36  S. 


'refent  latitude 


38  51  s. 


Case  IJ.  When  the  given  lati- 
tude and  difference  of  latitude  have 
contrary  names. 

Rule.  Take  the  difference  be- 
tween the  given  latitude  and  the 
degrees  and  minutes  in  the  diff.  of 
latitude,  the  remainder  is  the  other 
latitude,  of  the  fame  name  with  the 
greater. 

Exam.  I.  A  Jhip  from  the  lati- 
tude of  380  14'  N.  fails  fouth  till 
her  difference  of  latitude  is  1 2*  32'  ♦ 
What  latitude  is  foe  come  to  ? 

Lat.  from  3  8°  14' N. 

Diff.  lat.  12    32    S. 


Lat.  in 


25    42 


N. 


Exam.  II.  A  Jhip  from  the  If  and 
of  Afcenfon  runs  north  till  her  diff. 
lat.  is  50  37' ;  What  is  the  prefent 
latitude  of  the  Jhip  ? 

I.  Afcenfion's  lat.  7°4i'S. 

Diff.  lat.  5  37  N. 


Ship's  lat. 


04  S. 


Exam.  III.  A  Jhip  from  Sierra 
Leona  fails  S.  839  miles  :  What  la- 
titude is  Jhe  in  ? 

Sierra  Leona's  lat.  8°  30' N. 

Diff.  lat.   839  (22)  =  13    59    S. 


60 


Ship's  lat. 


5    29 


S. 


Exam.  IV.  Four  days  ago  we  wert 
in  the  latitude  of  the  If  and  of  St. 
Mathew,  and  failed  due  north  6  miles 
an  hour :   What  latitude  is  the  Jhip 


in? 

St.  Mathew's  lat 


i°  23'  S. 
.Diff.]at.£2^Xi:z2)=9    36  N. 


Ship's  latitude 
Dd 


202 


GEOGRAPHY; 


656.  PROBLEM  III.  Given  the  longitudes  of  two  places, 

Required  the  difference  of  longitude. 

Rule.  If  the  longitudes  are  of  the  fame  name,  their  difference  is  .1 

difference  of  longitude  required. 

But  if  the  longitudes  are  of  different  names,  their  fum  gives  the  c 

ference  of  longitude. 
And  if  this  fum  exceeds  180  degrees,  take  it  from  360  degrees,  a 
there  remains  the  difference  of  longitude. 


Exam.  \.  Required  the  difference 
of  longitude  between  London  and 
Naples  ? 

London's  long.  oo°  oo;  E. 

Naples's  long.  14    45  E. 


Diff.  longitude 


H   45 
60 


885  miles. 


Exam.  II.  A  ffip  in  longitude 
14*  45'  W.  is  bound  to  a  port  in 
longitude  48*  1 8'  wtjl :  What  diff. 
of  longitude  muff  jhe  make? 

Ship's  long.  >4°45/W. 

Long,  bound  to  48    18    W. 


Diff.  longitude 


33 
60 


33 


2013  minutes. 


Exam.  III.  What  h  the  difference 
ef  longitude  between  Cape  Gardafuir 
and  Cape  Comorin  ? 

C.  (jardafuir's  lone 

C.  Comorin's  long. 


5° 
78 


»7 


Diff.  longitude 


27 
60 


52 


1672  minutes. 


Exam.  IV.  Required  the  diff. 

longitude    between    St,    Chriffopht 

and  Cape  Negro  ? 

St.Chriitopher'slong.  62°50/WJ 
C.  Negro's  long.  11    30  E. 


Diff.  longitude 


74 
60 


4460  minute 

Exam.  V.  A  Jhip  in  longiu 
140"  20'  W.  is  bound  to  a  place 
longitude  139°  35'  E.  What  diff. 
longitude  muji  ffe  make  ? 

bhip's   long.  1400  20'  W 


Long,  bound  to 


Diff.  long. 


139 

35    * 

279 
360 

55 
00 

80 

°5 

E, 


Exam.  VI.  What  is  the  differ t 
of  longitude  betiveen  Cape  Horn  1 
the  Straits  of  Manila  f 


C.  Horn's  long. 
.         ^* 
Str.  Manila's  long. 


66°  00'  w; 
124    00  E. 


190 
360 


00 

CO 


Diff  longitude  170    00 


657.  Sometimes  the  diff.  long,  between  two  places  is  eftimated  by  ( 
cliff,  of  time,  allowing  an  hour  to  every  15  degrees  of  longitude,  and  ( 
min.  of  time  for  every  15  min.  of  a  deg.  or  a  deg.  for  every  4  min.  of  tin 
Exam.  Having  at  6  /;.  48  m.  P.  M.  obferved at  fca  a  certain  appeara 
In  the  heavens^  which  1  know  zuas  feen  the  fame  inflant  at  3  Z\  25  m.  P.  it 
in  London  :  Required  the  diff.  longitude  between  the  places  of  obfervation. 
From     6  h.  48  m.  3  h.   zzz  45  deg. 

Take      3 3_5  13111.=    3    1  $' 

Leaves  ^j 13   —  diff.  time.  Sum  48   1  5  =r  diff.  Iongitu 

And   becauie  the  hour  of  appearance  at  London  was  kail,  therefore  I  kn 
myfelf  to  be  to  the  eailward  of  Loudon.  0 
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'658.  Problem  IV.  Given  the  longitude  of  one  place,  and  the  difference 
of  longitude  between  that  and  another  : 
Required  the  longitude  of  the  fecond  place. 

Rule.  If  the  given. longitude  and  difference  of  longitude  are  of  a 
contrary  name,  their  difference  is  the  longitude  required  j  and 
is  of  the  fame  name  with  the  greater. 
But  if  the  given  longitude  and  difference  of  longitude  are  of  the 
fame  name,  the  fum  is  the  longitude  fought,  of  the  fame  name 
with  the  given  place. 
And-  if  the  fum  is  greater  than  180  degrees,  take  it  from  360  de- 
grees, remains  the  longitude    required,  of  a  contrary  name 
with  that  of  the  given  place. 


Exam.  I.  A  Jhip  from  the  lati- 
tude of  410  ll'  E.  fails  weflivard 
til  her  difference  of  longitude  is 
;•  47' ;  What  is  her  prefent  longi- 
de? 

"  Ship's  longitude  410  iV  E. 

Diff.  long.  15    47   W. 


Prefent  long. 


a5    25  E. 


Exam.   II.    A  Jhip  from   Cape 
barles   in  Virginia  fails   eajlward 
itil  Jhe  has  altered  her  longitude  22° 
]' ;  What  longitude  is  Jhe  in  ? 
Q.  Charles's  long.         yb°  oy/  W. 
Diff.  long.  22    53   E. 


Ship's  long. 


53     HW. 


Exam.  III.  Four  days  ago  I  de- 
rtedfrom  C.  St.  Sebaflian  in  Mada- 
jcar,  and  I  have  made  each  day 
)  miles  of  E.  longitude  :  Required 
e  longitude  the  flip  is  in  ? 

75 

C.  Sebaf.  long.    490  i3;E. 
Diff.  long.  5    00  E. 


4 

0)30,0 


Ship's  long.          54    i*3  E. 


j 


Exam.  IV.  A  Jhip  from  Cape 
Finiflerre  fails  weflivard,  and  finds 
Jhe  has  altered  her  longitude  587 
miles  :  What  longitude  is  Jhe  arrived 
in  ? 

C.  Finifterre's  long.  90  20'  W. 

Diff.   long.    ^7  Q   47  W. 


Long. 


19    07  W. 


Exam.  V.  A  Jhip  from  Cape  St. 
Lucar  in  California  has  made  870 
1 8'  of  wefl  longitude  :  What  longi- 
tude is  jhe  in  ? 


C.  Lucar's  long. 
Diff.  long. 


Ship's  longitude 


in0  35;  W. 
87    1 8   W. 

198    53  W. 
360    00 

161    07  E. 


Exam.  VI.  Seven  days  ago  my 
longitude  was  17  2°  \f  W.  and  I  have 
made  each  day  132  miles  of  wefl  lon- 
gitude :  Required  my  prefent  longi' 
tude  ? 

132  Departed  long.     1720  I7'W. 
7  Diff.  long.  15    24  W. 


6,0)92,4 
15  24 


187    41 
360   00 


Prefent  long.     ,172    19  E. 


Dd  2 


6^' 
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659.  A    TABLE 

Containing  the  Latitudes  and  Longitudes  of  the  chief  towns,  ifland 
bays,  capes  and  other  parts   of  the  fea  coafts  in  the  known  world ;  co  I 
letted  from  the  moil  authentic  obfervations  and  charts  extant;  witr\.th 
times  of  high  water  on  the  days  of  the  new  and  full  moon. 

The  longitudes   are   reckoned   from  the   meridian   of  London.     E 
v  the  Latitude  and  Longitude  of  an  ifland  or  harbour  is  meant  the  midd 
ct  that  place. 

NcUy  B.  ftands  for  bay ;  C.  for  cape ;  R.  for  river ;  Po.  for  port ;  P 
for  point ;  I.  for  ifle  ;  St.  for  faint ;  G.  for  gulf;  M.  for  mouni 
Eu.  for  Europe;  Af.  for  Aha;  Af.  for  Africa;  Am.  for  Ami 
rica;  Atl.  for  Atlantic  ;  Ind.  for  Indian  ;  Med.  fea,  for  Med )' 
terranean  fea ;  Wh.  fea,  for  White  fea ;  Archip.  for  Arch 
pelago  ;  Nov.  Sco.  for  Nova  Scotia ;  Phil.  I.  for  Philippir 
Ifles ;  Adrian  for  Adriatic  ;  Eng.  for  England :  Jkfide  otb 
contractions    which  will   be  eafily  underftood. 


Names  of  places. 


I.Abacco  C  NT.  pt. 

or  Lucayos  £  S.    pt 

Abbrevrak 

St.  Abbfhead 

I.  Abdeleur 

Aberdeen 

Abo 

Abrolhos  bank 

AbrollobankN.pt 

Acapulco.  See  A 

quapulco. 
Achen 
Aden 
I.  Admiralties 

I.  Agalega  or  Galkg; 

C.  St.  Agnes 

Agra 

I.  St.  Agufta 

C.  Ajuga 

B.  Alagoa 

If.  Aland 

R.  Albany 

I.  Alboran 

Aldborough 

I.  Alderney 

Aleppo 

Alcxandretta 

Alexandria 

I.  Algeranca 

Algier 

Alicant 

J.Alicur,LipariIi 


Am. 

Eu. 
Eu 
Af. 

Eu. 

Eu. 
Am. 
Ara. 


A(. 

Af. 

Eu. 

Af. 
Am. 

Af. 

Eu. 
Am 

Af. 

Eu. 
Am. 

Af. 

Eu. 

Eu. 

Af. 

Af. 

Af. 

Af. 

Af. 
\  Eu 
b. 


Country 


Bahama  I. 

France 

Scotland 

Anian 

Scotland 

Finland 

Brafil 

Bahama 


(.Sumatra 
Arabia 
Nov.  Zem 
Madagaf. 
Patagon 
India 
Dalmatia 
Peru 
Caffers 
Sweden 
NewSWales 
Algier 
England 
England 
■Syria 
Syria 
Egypt 
Canaries 
Algier 
pain 

Italy 


Coaff. 


Atl.  Ocean 

Eng.  Chan. 
Germ.  Ocean 
Indian  Sea 
Germ.  Ocean 
Bal.  Sea 
Atl.  Ocean 
Atl.  Ocean 


Ind.  Ocean 
Indian  Sea 
N.  Ocean 
Ind.  Ocean 
S.  Atl.  Ocean 
Moguls 
Adriat.  Sea 
S.  Ocean 
S.  Ocean 
Bah.  Sea 
Hud.Str. 
Medit.  Sea 
Germ. Ocean 
Eng.  Chan. 
Medit.  Sea 
Medit.   Sea 
Medit.   Sea 
Atl.  Ocean 
Medit.  Sea 
Medit.   Sea 
iMedit.  Sea 


Latitude. 

Longitud. 

H.  Wate 

0    j 

0     / 

r 27  I2N. 
I26  15N. 

77  05W 

77  01W 

48  32N. 

4iSW 

4n«  3°' 

55  55N- 

1  56W 

11  55N. 

5i  45  E- 

C7  06N. 

01  44W 

0    45 

60  30N. 

21  30  E. 

18  22  S. 

38  45W 

21  33N. 

69  50W 

- 

5  i5N- 

95  55E 

12  55N. 

45  35  E- 

75  05N. 

52  50E 

10  15  S. 

5446E. 

53  55s- 

6247W 

26  43N. 

7649E. 

42  40N. 

1857E 

638S. 

80  50W 

25  30  S. 

33  33  E 

bo  20N. 

21  30  E. 

52  35N. 

85  18W 

36  00N. 

2  27W 

52  20N. 

1  25  E 

9    4? 

49  48N. 

2  1 1  "vv 

12     00  : 

35  45N- 

3625E 

36  35N. 

3625E 

31  nN. 

3021E 

29  45N. 

12  1 3VV 

36  AgN. 

2  18  E 

38  34N. 

0  07V1 

38  3«N. 

1437L. 

Alko: 
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Barnes  of  Places.  Con 


Countries. 


"i 


(\lkofir 

15.  All  Saints,  or  C 

fodos,  Sanftos  ( 

Almeria 

s.    Almirante/f 

limits  I 

kltur 

L  Amazons,     5 
f.  mouths  ( 

.  Amboyna 

.  Ambrofa 

Ameyland 

Amoy 

mfterdam 

Amfterdam 
.  Amfterdam 
.  Anabona 
incona 
6.  Andaman 

limits 
.  Andaro 
.  St.  Andero  ( 

Sotovento      \ 
'.  St.  Andrea 
L  Andrews 
I  An-  C  N.  pt 

drofs  \  S.  pt. 
>.  Angafay 

.St.  Angelo 
jlount  St.  Angelo 
I.  d'Angra 

.  d'Anguilhas 

Anguilla 

Anholt 

.  Ann 

.  Queen  Ann 

•c  Ann's  Foreland 

nnapolis  Royal 

Antego 

ntibes 
Ante- C  W.  pt 

colt      l  E.  pt. 

ntiochetta 

.  d'Antifer 

.  Antonio 
St.  Antonio 

.  St.  Antony 

ntwerp 

•  Apalaxy 
Apalioria 


Af. 
Am. 
En. 
Af. 
Af. 


Am. 

Af. 
Am. 
Eu. 
Af. 
Eu. 
Af.. 
Af. 
Af. 
Eu. 

Af. 

Af. 

Am. 

Af. 
Eu. 

Am. 

Af. 
Eu. 

Eu. 

Af. 

Af. 
Am. 

Eu. 
Am. 
Am. 
Am. 
Am. 
Am. 

Eu. 

Am. 

Af. 

Eu. 
Am. 

Af. 
Am. 

Eu. 
Am. 

Af. 


Coaft. 


Latitude. 


Egypt 
Brafil 
Spain 

Zanguebar 

Arabia 

Terra  Fir 

Moluc.  I. 
Chili 
Dutchlnd 
China 
Dutchlnd 
Contin 
S.  Contin, 
Eth.  coaft 
Italy 

India 

India 

Mexico 

Madagaf. 
Scotland 

Bahama  I, 

Madagaf. 
Turkey 
Italy 
Ethiopia 
Carters 
Antil.  Is. 
Denmark 
New  Eng. 
Groenlnd. 
N.  Main 
N.  Scotia 
Caribbe  I. 
France 

Canada 

Syria 

France 

I.  Cuba 

CapeVerd 

Magellan 

Flanders 

Florida 

India 


Red  Sea 

Ad.  Ocean 

Medit.  Sea 

Ind.  Ocean 

Red  Sea 

Atl.  Ocean 

Tnd.  Ocean 
S.  Ocean 
Germ.  Oce. 
S.  Ocean 
Germ.  Oce. 
Ind.  Ocean 
S.  Ocean 
Atl.  Ocean 
Mediterran. 

B.  Bengal 

Ind.  Ocean 

Atl.  Ocean 

Ind.  Ocean 
Germ.  Oce. 

Atl.  Ocean 

Ind.  Ocean 
Archipelago 
Med.   Sea 
N.  Atl'.  Oce, 
Ind.  Ocean 
Atl.  Ocean 
Sound 
W.  Ocean 
N.  Ocean 
Hudfon'sStr 
B.  Fundy 
Atl.  Ocean 
Medit.  Sea 
B.  St.  Lau 

rence 
Medit.  Sea 
Eng.  Chan. 
Atl.  Ocean 
Atl.  Ocean 
S.  Atl.  Oce. 
R.  Scheld 
G.  Mexico 
fti'd.  Ocean 


Longitud.  JH.  Water 


26  20N 
13  05  S, 

36  51N 

5  45  s- 
430S. 

28  20N. 

o  30  S. 

425N. 
25  30  S. 
53  30N. 
24  3oN. 
52  23N, 

37  55  s- 
21  25  S 

2  36  S 

43  54N 

■  1 4  00N 

;  IO  08.N 

10  00N 

12  30N. 

15  46  S 
56  18N. 

r  25  OON. 
i  23  30N 

17  00  S 
36  27N. 

41  42N. 
01  00N. 

34  45  s- 

18  15N. 
56  40N. 

42  50N. 
64  15N. 
64  08N. 
45  00N. 
16I57N. 

43  34N. 
f  50  00N. 

149  33N. 
360SN. 
49  47N. 

21   45N. 

17  45 N. 
36  45  S. 
51  13N. 
30  00N 
908S 


3441  E. 

38  45W 

2  15W 

C52  3oE- 
c.55  40 E. 

34  '9E- 
f 47  35 W 

*■  49  20W 

127  25  E. 

83  20W 

6  20  E 

1 18  45  E 

05  04E. 

75  15E 
179  41W 

5  35E 
14  20  E. 
9305E, 

93  35E 

73  40  E. 

81  35W 

45  22  E. 

2  37W 
77  58W 
77  00W 

58  40  E. 
33  3SE. 
1616E. 

9  35  E 

21  40  E. 
62  57W 
12  00W 
70  27W 
50  30W 

74  36W 
64  00W 

61  50W 
07  13  E 

62  08W 

59  35w 
36  17  E. 

o  34E 
8405W 
24  23W 

53  42W 

4  29  E, 

83  53W 

7940E 


6h.  oora. 


7     3°- 


00 


»S 


oa 


00 
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Names  of  Places. 


Aquapulco 
Aquatulco 
Archangel 
I.  d' Areas 
Arica 
I.  Arran 
I.  Afcendtng 
I.  Aft  en  Aon 
I.  Affinaria,       5 
Sardinia         I 
R.Afhley 
R..  Aiiene 
I.  Aftores 
Athens . 
Atkin's  Key 
AtwoocTs  Keys 
C.  Ava 

Is.  Aves,  Sotovent 
C.  St.  Auguftine 
C.  St.  Auguftine 
St.  Auguftine 
Aydhab 
Aylah 

B 

Babelmondel  Straits 

C.  Baba 

I.  Bachian 

J.  Bahama 

Bahama  Bank,  N.  ft. 

Balafor 

Baldivia 

I.  Bali 

Baltimore 

T   '_         f  S.  end 

I.  Banda 
Ban  jar 
Bantam 

B.  Bantry 
I.   Barbadoes, 

Bridge  tow 

C.  Barbas 
I.  Barbuda 
C.  Barcam 
Barcelona 
C.  Barfleur 
Bargazar  Point 
I.  Bardfey 

C.  Barfo 


-I 


ton 


Am. 
Eu. 
\m. 
A  m . 
Eu. 
Am. 
\m. 

Eu. 

Am. 

Af. 

Af. 

Eu. 
Am. 
Am. 

Af. 
Am. 
Am. 

Af. 
Am. 

Af. 

Af. 


Af. 
Af. 
Af. 
Am. 
Am. 
Af. 
Am. 
Af. 
Eu. 

Af. 

Af. 
Af. 
Af. 
Eu. 

Am. 

Af. 
Am. 
Eu. 
Eu. 
Eu. 
Eu 
Eu. 
Eu. 


Country. 


Mexico 
Mexico 
RuffiA 

Mexico 

Peru 

Ireland 

Brafil 

israiii 

Italy 

Carolina 
Guinea 
Madagaf. 
Turkey 
Bahama  I 
Bahama  I 
Jap  on 
Ter.  Fir. 
Brafil 

Mindanao 

Florida 

Egypt 

Arabia 


Abyffinia 
Natolia 
Moluca  I 
Baha.    Is. 
Baha.  Is. 
India 
Chili 
Sunda  Is. 
Ireland 

Sunda  Is. 

Moluc.  Is 
I.  Borneo 
I.  Java 
Ireland 

Carib.  Is. 

Sanaga 
Carib.  Is. 
Greenlnd. 
Spain 
France 
fceland 
Wales 
iRuffia 


Coalt. 


S.  Sea 
S.  Sea 
White  Sea 
G.  Mexico 
S.  Sea 
St.  Geo.  Ch, 
S.  Atl.  Oce. 
3.  Atl.  Oce. 

Medit.  Sea 

Atl.  *Ocean 
S.  Atl.  Oce. 
rnd.  Ocean 
Archipelago 
Ad   Ocean 
Atl.  Ocean 
S.  Ocean 
Atl.  Ocean 
Atl.  Ocean 
S.  Ocean 
Atl.  Ocean 
Red   Sea 
Red  Sea 


Red  Sea 
Archipelago 
5.  Sea 
Atl.  Ocean 
Atl.  Ocean 
3.  Bengal 
S.  Ocean 
Ind.  Ocean 
W.  Ocean 

Ind.  Ocean 

Ind.  Ocean 
[nd.  Ocean 
Ind.  Ocean 
Atl.  Ocean 

Atl.  Ocean 

N.  Atl.  Oce, 
Atl.  Ocean 
N.  Ocean 
Medit.  Sea 
Eng.  Chan. 
N.  Ocean 
St.  Geo.  Ch 
White  Sea 


Latitude. 

O         1 

i  j  10N. 

15  27N. 

64  30N. 

20  45N. 

18  27  S. 

5448N. 

20  42  S. 

741  s. 

41  06N. 

33  22N. 

5  3°N. 

10  22  S. 

37  4oN- 

22  07N. 

21  22N. 

34  4sN. 

1 1  30N. 

8  48  S. 

6  40N. 

30  15N. 

21  ^N. 

29  08N. 

iz  50N. 

"  39  33N. 

00  40N. 

26  45N. 

27  50N. 

20  00N 

39  38  S 

8  05  S 

51  16N. 

i    1  50  s 

04  30N. 

2  27  S. 

6  15  S. 

51  45N. 

13  00N. 

21  50N. 

1  8  06N. 

78  18N. 

41  26N. 

49  38N. 

66  30N. 

5244N. 

66  30N. 

Longitud. 


10 1  40W 
96  03W 
41  30E 
92  35W 

71  05W 
8  59W 

28  30W 
13  31W 

836E 

79  50W 
2  20W 

5325E. 
24  10E. 

73  4°w 

72  40 W 
141  00  E. 

6643W 

35  00W 
126  25  E. 

80  29W 

36  26  E. 
3541E. 


4350E 
26  22  E. 

123  00  E. 
78  3«jW 
7843W 
7954E. 
72  45W 

114  30  E. 
9  26 w 

107  10E. 

105  30  E. 
127  25  E. 
113  50  E. 

106  25  E 
10  46W 

59  50W 

16  26W 
61  35W 
20  06  E. 

z  18E. 
1  16W 

17  1  z  W 
5  00W 

38  00  E, 
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lames  of  Places 

Con 

Country. 

Coaft. 

Latitude. 

Longitud. 

FT.  Water. 

Bartholomew 

Am. 

Carib.  Is. 

Atl.  Ocean 

o       / 

17  52N. 

62  35W 

de  Bas 

Eu. 

France 

3ng.  Chan. 

48  50N. 

4  ogW 

3L  45  mi 

;aflbra 

Af. 

Arabia 

Perf.  Gulf 

29  45N. 

47  40  E. 

.Baflbs.or  Baxos 

Af. 

Anian 

Ind.  Sea 

4  12N. 

47  07  E. 

alios  de  Banhos 

Af. 

Zangueb. 

!nd.  Ocean 

5  co  S. 

48  08  E. 

aflbs  de  Chagos 

Af. 

India 

ind.  Ocean 

6  42  S. 

68  20E 

Baffos  des  Indes 

Af. 

Zangueb. 

Ind,  Ocean 

21  19  S. 

41  43  E. 

atavia 

Af. 

1.  Java 

Ind.  Ocean 

6  15  S. 

106  15  E. 

lyonne 

Eu. 

France 

B.  Bifcay 

43  30N. 

-    1  23  W 

3     30 

ayona  Iiles 

Eu. 

Spain 

Atl.  Ocean 

41  45N. 

9  01  w 

;eachy  Head 

Eu. 

England 

Engl.  Chan. 

50  48N. 

0  25  E. 

G      OO 

;ar-bay 

Eu. 

Greenlnd. 

N.  Ocean 

79  10N. 

24  15  E. 

i  Beerenberg 

Eu. 

N.  Ocean 

71  45N. 

4  3o  E. 

blfaft 

Eu. 

Ireland 

frifn  Sea 

54  43N. 

5  52W 

:11  Ifle 

Eu. 

France 

B.  Bifcay 

47  21N. 

3  13W 

I       30 

r.  Bell  Ifle 

Am. 

Newfland 

Atl.  Ocean 

51  48N. 

51  08W 

;11  Sound 

Eu. 

Greenlnd 

N.  Ocean 

77  >5N- 

12  40  E. 

:ncola 

Af. 

I.  Sumat. 

Ind.  Ocean 

4  00  S. 

102  55E. 

" 

;ngal 

Af. 

India 

8.   Bengal 

22  00N. 

92  45 E. 

:rgen 

Eu. 

Norway 

W.  Ocean 

60  10N. 

6  14  E. 

;rlin 

En. 

Germany 

R.  Elbe 

52  33N. 

13  32E. 

Bermudas 

Am. 

Baha.  Is. 

Atl.  Ocean 

32  25N. 

66  38W 

7    00 

,  Bermaja 

Am. 

Mexico 

G .  Mexico 

21  40N. 

92  53W 

j:rwick 

Eu. 

England 

Germ.  Oce. 

55  45N- 

1  50W 

i     39 

j:rry  Point 

^Eu. 

England 

E«g.  Chan. 

50  37N. 

3  49w 

.Iboa 

Eu. 

Spain 

B.  Bifcay 

43  26N. 

3  18W 

Jackney 
jack  Point 

Eu. 

England 

Germ,  Oce. 

•  53  20N. 

0  55E. 

6    00 

Eu. 

Greenlnd. 

N.  Ocean 

78  00N. 

10  50  E. 

!ack  Jfle 

Eu. 

No.  Zem. 

N.  Ocean 

72  52N. 

52  35  E- 

I  Blanca 

Af. 

Negrolnd. 

Atl.  Ocean 

20  45N. 

17  23W 

9    45 

i  Blanco 

Am. 

Patagonia 

Atl.  Ocean 

47  07  S. 

64  o^W 

<  Blanco 

Eu. 

Greenlnd. 

N.  Ocean 

77  58N. 

20  04  E. 

anco 

Am. 

Mexico 

S.  Sea 

9  42N. 

85  55W 

^Blanco,   Sotovento 
fenchart  Race 

Am. 

Ter.Finn. 

Atl.  Ocean 

11  4*N. 

64  20W 

Eu. 

France 

£ng.  Chan. 

49  42N. 

2  08W 

0    00 

Safques 

Eu. 

Ireland 

Atl.  Ocean 

52  00N. 

11  56W 

or  Port  Louis 

Eu. 

France 

B.  Bifcay 

47  45N- 

3  *3W 

1     3Q 

I'Cachica 

Am. 

Ter.Firm. 

Atl.  Ocean 

10  20N. 

75  3oW 

1  Bcjador 

Af. 

Negrolnd . 

Ad,  Ocean 

26  12N. 

1 3  27W 

0    00 

i  Bolihaya 

Af. 

Siberia 

S.  Sea 

52  48N.. 

157  00  E. 

y  Bombay 

Af, 

India 

Ind.  Ocean 

19  42N. 

73  03  E. 

Af. 

Tunis 

Mediterran. 

37  08N. 

7  10E. 

S  Bona 

i  Bcna  villa 

J  Bona  vifta 

Af. 

Tunis 

Mediterran. 

37  i©N. 

10  00  E. 

Am. 

Newfland 

Atl.  Ocean 

-19  3.6N. 

50  10W 

Af. 

C.Verd  I. 

At!.  Ocean 

10  05N. 

21  50W 

^  Bona  fortuna 

Eu. 

Ruilja 

White  Sea 

65  35N. 

38  25E 

j!on  ayre,  Sotovento 

Am. 

rer.Firm 

Atl.  Ocean 

11  52N. 

67  20W 

J|Bonaventura 

Am.' 

Tk-v.  r'rrii. 

5.  Sea 

3  iSN. 

76  50W 

(Bon  Efperance 

Af. 

; ! od   Ocean 

-34  *5N- 

20  07  E. 

3     00 

1 urd^aux 

Eu. 

Krajtce     | 

>.  Bifcay 

-  50N.' 

0  40  V\ 

3     00 

S.  Borneo 


ao8 
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Names  of  Places, 


Con. 


£  Eaft.  point 
|  X  Weft,  point 
g  ) North,  point    .  r 
P=l  SSouth.  point 
«d  /Borneo    . 

C_  Succadano- 
I.  Bornholm  Eju. 

Bofton  Eii. 

Bofton  Am 

Boulogne  i  Eu. 

I.  Bourbon  Af. 

I.  St.  Brandon  Af. 
B.  Brandwyns  Eu. 
I.  Bravas  Af. 

Bremen  Eu 

Breefound,  afand  Eu 
Breflau  Eu 

Breft  Eu 

B.  Breft  Am 

Bridge  Town  Am 
Bridlington  Bay  Eu 
Brill  Eu. 

Briftol  Eu 

Louifbourg 
I.  Scateri     Am. 
__  N.  Cape 
I.  Mathias 
lN.  point 
)$.  W.  point 
kStr.  Dampier 
fC.  St.  George 
I,  St.  John 
Buchanefs 
Buenos  Ayres 
Burgaford  point 
Burlings,    rocks 
Burlington 
Button's  Ifles 


urutoi 

u    c    f 

3*1 1 


Af. 


Eu. 
Am. 
Eu. 
Eu. 
Eu. 
Am. 


I.  Cabrera 

Cadiz 

Caen 

Cagliari,  T.Sardin. 

Calabar-)  ,., 

I  New 

C.  Calaberno 

Calais 

C.  Calamadon 


Country. 


Coaft. 


Latitude. 


Sweden 

England 

New  Eng. 

France 

Madagaf. 

Madagaf. 

Greenlnd. 

C.  Verd  I. 

Germany 

Dutchlnd. 

Silefia 

France 

New  Brit. 

I.  Barbad. 

England 

Dutchlnd. 

England 

Acadia 


New  Guinea 


Scotland 

Brafil 

[celand 

Portugal 

England 

New  Brit 


Eu. 

Italy 

Eu. 

Spain 

Eu. 

France 

Eu. 

Italy 

Af 

Guiney 

Af. 

Natolia 

Eu. 

France 

Af. 

India 

fnd.  Ocean 


Bait.  Sea 
Germ.  Oce. 
Atl.  Ocean 
Eng.  Chan, 
tftd.  Ocean 
fnd.  Ocean 
N.  Ocean 
Atl.  Ocean 
R.  Wefer 
Germ.  Oce. 
R.  Oder 
B.  Bifcay 
W.   Ocean 
Atl.  Ocean 
Germ.  Oce. 
Germ.  Oce. 
St.  Geo.  Ch 

Atl.  Ocean 


S.  Ocean 


Germ.  Oce. 
Atl.  Ocean 
N.  Ocean 
Atl.  Ocean 
Germ.  Oce. 
Hudf.  Str. 


Vfediterran. 
Atl.  Ocean 

Eng  Chan. 
Med.  Sea 

Eth.  Ocean 

Archipelago 
Eng.  Chan. 
8.  Bengal 


o   / 

1  12N. 

3  *5N 
7  05N. 

3  3z  S. 

5  00N. 
o  50  S 

55  12N. 

53  *'pN« 

42  34N, 

50  44N, 
21  15  S 
16  45  s 
79  50N. 
1430N. 
53  3°N. 

53  12N, 

51  03N 
48  23N 

52  10N 
13  00N 
5407N. 
51  56N 
51  z8N 

•45  5oN 

46  00N 

.47  06N. 

2  00  S 
2  30  S 

6  00  S 
6  15S 
5  3o  S. 

4  20  S 

57  29N 

3+35  S 
66  03N 

39  3oN 

54  00N 
60  25N 


43  10N 
3633N 
49  1 1 N 
39  25N 

4  3oN 

5  00N 

38  42N 
5058N 
10  22N 


Longitud 


1 17  10E. 
108  57  E. 
113  40  E. 
1 12  05  E. 
112  15  E. 
108  35, E. 

15  50  E. 

0  35  E 
70  25  W 

1  4a  E 

55  4oE 
6448E 
26  20  E. 
23  44W 
9  00  E. 

5  *SE 
17  13  E 

4  26W 
52  30W 
5950E. 
00  04  E 

4  10W 

2  30W 
58  27W 

57  47W 

58  02W 

147  50  E 

1 48  40  E 
146  37  E. 
146  15  E. 
150  55E 
152  4c E. 

1  23W 
57  40W 

16  34VV 
9  13W 
o  08  E. 

65  00W 


9  11E 

6  02W 
o  16W 
9  38  E. 
8  10E. 

7  00  E. 
26  44E. 
01  56  E. 
80  40  E, 


H.  Wate; 
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Xames  of  Places 


Taldera 
.  Caldy 
Jalecut 
|s.   Caicos,    or  f 

Cankrofs,  N.< 
,  part  t 

?airo 

.  Great  Camanis 
..  Little  Camanis 
£amboida 
^.Cambron,  or  J 
i  Carbon  \ 

p.  Cameron 
L  Camerones 

.  Camerones 
1-amfer,  a  land 

amin 

ampeachy 

Canaria 

'.  Candenofe 
C.  St.  John, 

W.  end 
[Candia 
'C.  Salomon, 
Eaft  end' 

landia 

Canda 

.  Canfo 

anfo  Paflage 

.  Cantin 

antire,  Mul 

anton 

1  Capri 

Capraya 

I  Carapar 

'iraccas 

'tries,  or  Ha-  j 
cluits  Ifles      I 

'irinda  Point 

talifle 

'  Carmel 

Proline    Ifles,  C 
limits  I 

(  Carthage 

'■rthagena 

jirthagene 

'ifkets 

'  Caflander 

I  St.  Catherines 

(  S.  pt. 


Con 


Af. 
Eu. 
Af. 

Am. 

Af. 
Am. 
Am. 

Af. 

Af. 

Am. 
Af. 
Am. 

Eu. 
Eu. 
Am. 
Af. 
Eu. 


Eu. 


Af. 
Af. 
Am. 
Am. 
Af. 
Eu. 
Af. 
Eu. 
Eu. 
Af. 
Am. 

Am. 

Am. 
Eu. 
Af. 

Af. 

Af. 
Am. 
Eu. 
Eu. 
Eu. 
Am. 

Am. 


Country. 


F.  Mindanao 

England 
India 

Bahama  I 

Egypt 
W.  Indie; 
W.  Indies 
india 

Algiers 

NewSpain 

Guiney 

Magellan 

Dutchlnd. 

Germany 

Yucatan 

Canaries 

Ruflia 


Turkey 


I.  Ceylon 

India 

Nov. Scot. 

Nov.Scot. 

Barbary 

Scotland 

China 

Italy 

Italy 

India 

Ter.Firm. 

Groenlnd. 

California 

England 

Syria 

Phil.  Ifles 

Barbary 

Ter.  Fir. 

Spain 

I   Guernf. 

Turky 

Bra  hi 

Bahama 


Coaft. 


S.  Ocean  - 
St.  Geo.  Ch 
Ind,  Ocean 

Atl.  Ocean 

R.  Nile 
Atl.  Ocean 
Atl.  Ocean 
Ind.  Ocean 

Med.  Sea 

Atl.  Ocean 
Atl.  Ocean 
Atl.  Ocean 
Germ.  Oce. 
Baltic  Sea 
Atl.  Ocean 
Atl.  Ocean 
N.  Ocean 


Medit.  Sea 


Ind.  Ocean 
Ind.  Ocean 
Atl.  Ocean 
Atl.  Ocean 
Atl.  Ocean 
Weft.  Ocean 

Ocean 
Medit.  Sea 
Medit.  Sea 
B.  Bengal 
Atl.  Ocean 

Barring  Bay 

S.  Ocean 
Irifli  Sea 
Levant 

South  Sea 

Medit.  Sea 
Carib.  Sea 
Medit.  Sea 
Eng.  Chan. 
Archipelago 
Atl.  Ocean 

Atl.  Ocean 

E  e 


Latitude. 


7  coN 
51  33N 
11  1 5  N 

21  48N 

30  02N. 
19  18N. 
19  42N. 
10  35N 

37  18N. 

3  30N. 

44.  50  s. 

53  33N 
5404N 
19  36N. 
28  07N 
69  25N- 

<  35  *9N- 
L3+57N. 

7  54N. 

7  3o  S 
45  10N. 
4,-  50N 
32  49N 
55  22N 
23  08N. 
40  34N 

43  °3N 
19  22N. 
10  06N. 


3S 
c4 
33 

H 

36 
10 

37 
49 
40 
.27 
S  24 


15N 

24N. 

47N 

08N 

10N 

00N 

52N 

27N 

37-N. 

5cN 

02N 

45N 

50N 

43N. 


Longitud. 


121  25  E 

5  HW 

75  39  E- 

71  50W 

31  3 1  E 
80  29W 

79  20W 
104  45  E. 

458E. 

83  29W 
9  10  E. 

64  10W 

5  3o  E 
15  40  E. 
90  53W 
14  26W 
45  3°E- 
23  54  E. 

25  23E 

27  06  E. 

8,  53  E. 
77  55E. 

59  50W 

60  00W 
9  09  W 
545W 

113  08  E. 
14  1 1  E. 
10  15  E. 
86  05  E. 
66  45W 

62  00W 

124    2?W 

2    35W 

35   35  E 
1 37  25  E 

1 27  25  E 

10  31  E 

75  2  1 W' 

1  03W 

2  26W 

23  41  w 
47  58W 
7?  38W 
75  35W 


H.  Water. 


5I1. 15m. 


I      30 


00 


Cnrh'v- 


2IO 
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Names  of  Places. SCon 


Cathnefs  Point, 
or   Dinnet 
Head 

Catanea 

C.  Catocha 

Cayenne 

f  N.  E.  point 

n   j  N.  point 

-g   j  W.  point 

'w  •{  S.  W.  point 

°    [      Macaffer 

*~*   j  S.  point 
LS.  E.  point 

I.  Cephalonia 

Ceuta 

'  Iafanapatam 

N.  part 

jTrinquemale 

kS. E.  end 

'C.  Gallo,  S. 

W.  end 

Chandenagar 

Charles  Town 

C.  Charles 

C.  Charles 

C.  Charles 

I.  Charlton 

B.  Chebudo 
Cheignefto 
Cherbourg 
Cherry  life 
Cheller 
Chiddock 

C.  Chidley 


Af. 


Eu. 
Af. 


Af. 


I.  Chiloe 


CN.pt 
I  S.  pt. 


C.  Chiokotfkago 
Chriiliana 
Chriftianople 
Chriftianffcadt 
I.  St.  Chriilophr's 
R.St.  Chriilophr's 
C.  Chukchenfe 
JR.  Churchil 
I.  Chufan 
Civita  Yecchia 
C.  Clear 
I.  Cloate 
Cochin 
J.  Cocos 
I.  Cocos 


Af. 

Am. 
Am. 
Am. 
Am. 
Am. 
Am. 
Am. 

Eu. 

Eu. 

Eu. 

Eu. 
Am. 

Am. 

Af. 

Eu. 

Eu. 

Eu. 
Am. 

Af. 

Af. 
Am. 

Af. 

Eu. 

Eu. 

A(. 

Af. 

Af 
Am. 


Country 


Scotland 

I.  Sicily 

NewSpain 

Ter.Firm. 


Spice  Ifles 


Turkey 
Barbary 


India 


Bengal 
Carolina 
Virginia 
N.  Main 
New  Brit 
New  Wis 
Nov. Scot 
Nov.Scot 
France 
Greenlnd. 
England 
England 
New  Brit 

Patagonia 

Siberia 

Norway 

Sweden 

Sweden 

Carib.  I. 

CafFres 

Siberia 

New  Wis, 

China 

Italy 

Ireland 

India 

India 

India 

Mexico 


Coaft. 


Weft.  Ocean 

.Vledit.  Sea 
Carib.  Sea 
Atl.  Ocean 


Ind.  Ocean 


VTedit.  Sea 
Medit.  Sea 


Ind.  Ocean 


R.  Ganges 
Afhley  R. 
Atl.  Ocean 
Hudf.  Str. 
W.  Ocean 
Hudf.  Bay 
Atl.  Ocean 
B.  Fundy 
Engl.  Chan. 
N.  Ocean 
Irifh  Sea 
Engl.  Chan. 
Hudf.  Str. 

S.  Sea 

N.  Ocean 
Sound 
Baltic  Sea 
G.  Bothnia 
Atl.  Ocean 
Ind.  Ocean 
N.  Ocean 
Hudf.  Bay 
Chincfe  Sea 
Medit.  Sea 
Weft.  Ocean 
Ind.- Ocean 
Ind.  Ocean 
nd.  Ocean 
S.  Ocean 


Latitude. 


58  46N. 

42  4.0N. 
20  48N. 

456N. 
1  48N. 
1  4cN. 

3  00  S. 

4  40  S 

5  4°  S. 

5  00  S. 
38  20N. 
35  45N. 

9  47^. 

8  40N. 

6  27N. 
6  15N. 

22  51N. 
33  22N. 

37  IlN 
62  20N. 

51  50N. 

52  30N 
4445N 
46  15N 

49  38N 
74  35N 

53  ,oN 

50  47N. 
60  22N 

41  45  S. 

43  5oS 

64  00N 

59  Z5N- 
55  55N- 
6z  47N 
17  15N. 
32  47  S 
66  30x\T 

59  °3N- 
30  00N 

42  10N 

51  iSN. 
22  00  S. 

9  50N. 

12    20  S. 

5  ooN:- 


Longitud 


3  17W 

20  30  E 

86  35W 

53  °<;w 

124  37  E. 

120  50E 
117  55E. 

119C5E 

119  55E. 

121  40  E. 
20  1 1  E 

4  42W 

80  55  E 

81  40  E 

82  10E 
80  20  E 
88  34  E. 

79  50W 
76  07W 

74  3oW 
51    10W 

82  00W 

63  18W 

63  11W 

01  33W 

18  05  E 

2  25W 

3  00W 
65  00W 

73  °5W 
174  45 W 
10  30  E. 
15  10  E 
22  50  E. 
62  50 W 
30  00 E. 
171   1  oW 

95  35w 
1 2 1  50  E. 
12  01  E. 
9  50W 
95  40  E 
76  05  E 
qS  10  E. 
SS  45W 


H.Watei 


CO 
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ames  of  Places. 

Con. 

Am. 

Country. 

Coaft, 

Latitude. 

Longitud.j 

H.  Water*. 

LCod 

New  Eng. 

Atl.  Ocean 

o     / 

42  15N. 

0    / 
69  27W 

)!chefter 

Eu. 

England 

Germ.  Oce. 

52  coN. 

0  58  E. 

«.  Cold 

Eu. 

Greenlnd. 

N.  Ocean 

yg  coN. 

10  co  E. 

1  Colerado 

Am. 

New  Spain 

G  Californ 

31  40N 

1 15  25W 

Colgau 

Eu. 

Ruffia 

N.  Ocean 

69  20N 

45  00  E. 

bllioure 

Eu. 

Spain 

Medit.  Sea 

42  31N. 

3  10  E- 

(  Colone 

Eu. 

Turkey 

Archipelago 

37  45N. 

•  24  41  E. 

<  Colone 

Af. 

Natolia 

Archipelago 

39  10N. 

27  04  E, 

ti  Colonni 

Eu. 

Italy 

Medit.  Sea 

38  ;6N. 

18  05  E 

♦)mana 

Am. 

Ter.Firm. 

Atl.  Ocean 

j  0  00N. 

65  07W 

i  Comarin 

Af. 

India 

Ind.  Ocean 

7  45N- 

78  17  E. 

\  Comfort 

Am. 

New  Wis. 

Hudf.  Bay 

64  45N. 

82  30W 

•bncarneau 

Eu. 

France 

B.  Bifcay 

47  54N. 

3  5oW 

3I1.  00m. 

1  Conception 

Am. 

Caleforn. 

South  Sea 

35  4°N. 

126  01VV 

]  Conceptn.  Ent 

Am. 

Newflnd. 

Atl.  Ocean 

48  25N. 

50  07W 

inception 

Am. 

Chili 

South  Sea 

3643S. 

73  07 w 

.   Congo 

Af. 

Congo 

Eth.  Ocean 

5  45S. 

11  53  E. 

.;  Coningen 

Af. 

NewZeld. 

S.  Ocean 

34  3oS- 

164  25  E. 

(ming/burg 

Eu. 

Poland 

Baltic  Sea 

54  44N. 

21  53 E. 

tmquet 

Eu. 

France 

Engl.   Chan. 

48  30N 

4  35 w 

3     °° 

i  Conquibaco 

Am. 

Ter  Firm. 

Atl.  Ocean 

12  15N. 

69  57W 

<  mftantinople 

Eu. 

Turkey 

Archipelago 

41  coN. 

28  58  E. 

Openhagen 

Eu. 

Denmark 

Baltic  Sea 

55  4i N. 

12  50  E 

<>perwic 

Eu. 

Norway 

Sound 

59  20N. 

10  1 0  E 

1  Copland 

Eu. 

Ireland 

Irifh  Sea 

54  40N. 

6  40W 

.  Coquet 

Eu. 

England 

Germ.  Oce. 

55  20N. 

1  25W 

3     00 

J  Coquimbo 

Am. 

Chili 

S.  Ocean 

29  s4  S. 

71   10W 

<;  Corbau 

Af. 

I-Jatolia 

Archipelago 

38  03N. 

26  58E. 

fyrdoue 

Eu. 

France 

B.  Bifcay 

45  3°N. 

01    10W 

<>rea,  South  lim. 

Af. 

China 

S.  Ocean 

34  5oN- 

r    124  25E 
1  127    25E 

1  Corfu 

Eu. 

Turkey 

Mediterran. 

39  5°N. 

19  48  E. 

*  Corientes 

Af. 

Caffers 

Ind.  Ocean 

Z4  08  S. 

36  49  E. 

4  Corientes 

Am. 

Mexico 

S.  Ocean 

20  18N 

ic8  00 W 

«)rinth 

<)rk 

Eu. 

Turkey 

Archipelago 

37  3°N. 

23  00E 

Eu. 

Ireland 

St.  Geo.  Ch. 

51  4<N. 

7  3°w 

4     3° 

1  Corfe 

Af. 

G  uiney 

Eth.  Sea 

5  12N. 

0  23W 

3     3° 

rC.Corfo,N. 
IJ      pt. 

J  Bonfacio,  S 

t  Pt. 

c42  53N. 
I41  22N. 

9  40  E. 

Eu. 

Italy 

Mediterran. 

9  26E. 

-fCorvo 

Eu. 

Azores 

Atl.  Ocean 

3Q  48N. 

31  22  W 

JCofmoledo 

Af. 

Madagaf. 

Ind.  Ocean 

18  28  S. 

51  40 E. 

4>w  and  Calf 

Eu. 

Ireland 

W.  Ocean 

51  22N. 

0  36W 

JCozumel 

Am. 

Jucatan 

Atl.  Ocean 

19  36N 

86  35 W 

X  Crocei 

Af. 

China 

B.  Nankin 

34  06N. 

120  10  E. 

<[omer 

Eu. 

England 

Germ.  Oce. 

53  05N. 

r  in 
O56  i'- 

6    00 

<ooked  I.  N.  pt. 

Am. 

Bahama 

Atl.   Ocean 

22  47N. 

73  5oW 

|ofs  lile 
vofs  Point 

Eu. 

Ruflia 

White  Sea 

6631N. 

36  33  E' 

Eu. 

Nov.  Zem 

N.  Ocean 

72  00N. 

53  J  2  K 

|.  Cruz 

1  Af. 

IBarbary 

5 Atl.  Ocean 

1    30  36N. 

9  35w 

: 

St. 
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Names  of  Places 


I.  St.  Cruz 

rC.   Antonio, 

W.  pt. 

P.  de   Mais, 

E.  pt. 
HollowCape 
\  St.   Jago 
St.  Mary 
Le  St.  Efprit 
Havana 
[_B.  Hondy 
Cubbs  Ifles 
Lubello 

B.  Cumberland 
Curafib 
J.  Cuzzola 
Cufco 

rC.  Baffa,W. 
end 
C.  St.  Andr. 
u.,       E.  end 
rj   \  C.  de  Gaffe, 
S.  pt. 
C.  Grego,S. 
E.  pt. 

D 


on.    Country 


Craft. 


Am. 


\m. 


Am 

Af. 

Am. 
Am. 
Eu. 
Am. 


Af. 


L 


Dabul 
Dahlak 

1.  Dageroort,    C 
Light-houfe  \ 
Dantzic 
Str.  Dardanels 
G  Darien 
Dartmouth 
I  .  Dauphin 
St.  David's  Head 
Fort  St.  David's 
I.  Defeada 
C.  Defire 
C.  Defolation 
Devil's  Jfles 
Tewpoint 

J.  Diego  Roves    j  Af. 

1 .  Diego  Garcia  f  Af. 

Str.  Diemen  I  Af 

I.  Lieu'  Eu. 

Diep  j  Eu. 

Diggs's,orDud 
ley's  La^e 


Af 
AC 

Eu. 

Eu. 

Eu. 
Am. 

Eu. 
Am. 

Eu. 

Af. 
Am. 

Eu. 
Am 

Eu. 

Af. 


Antilles 


Antilles  I. 


New  Wales 
Ind.   Malab: 
N.  Main 
1'er  Firm 
Turkey 
>eru 


-yna 


Latitude. 


[A, 


India 

Arabia 

Livonia 

Poland 
Turkey 
Ter  Firm 
England 
I.ouifiana 
Wales 
India 
Carib.  Is. 
No.  Zem 
reenlnd 
Greenlnd. 
India 

Ind.  Malab 

India 
Japan  Is. 

France 
France 

Greenlnd 


Atl.  Ocean 


Atl.  Ocean 


rludf.  Ihy 
Lid.  Ocean 
Davis's  Str. 
Atl.  Ocean 
Med.  Sea 
nland 


VTedir.  Sea 


Arab.  Sea 
Red  Sea 

Bait.  Sea 

Bait.  Sea 
Archipelago 
Carib.  Sea 
n.ng.  Chan. 
G .  Mexico 
St,  Geo.  Ch 
Corom  Coail 
Atl.   Ocean 
N.  Ocean 
Ocean 
Ocea-n 
Bengal 


rnd.  Ocean 

!nd.  Ocean 
S.  Ocean 
B.  Bifcay 
Eng  Chan. 

Bftffina  Bay 


Longitud 


H  Water 


55N, 


21  45 


N 


'9 

20 

Zl 

21 

23 

22 

54 

7 
66 

1 1 

42 
1  2 


03N 

42N 
03N. 
20N 
56N. 
12N 
54N 
15N, 
50N, 
40N 
56N 
50N 
25  S 

35°4N 
35  4oN 
34  35N 

134  5/N. 


iS  24N. 

15  50N. 

5S55N 

54  22N 
40  10N 
8  45N 
50  27N 
29  40N 
5155N 
12  05N 

16  36N 

77  45N 
6 1  45N 
80  00N. 
16  07N 
o  45  S 
o  30N 

845  s 
31  1  2N 

46  26M 
49  55N 
76  48N 


65  02W 

84  05W 

7452W 

77  25W 

75  5,w 

78  10W 

79  50W 

81  45  W 

82  40 W 

82  34W 

7i  55  E 
65  20W 
68  20W 
16  55  E. 

73  35w 

33  04  E- 

35  08  E. 
3541E. 

34  36E. 


73  33  E 
41  44E 

22  32E 

18  36E 

26  26  E 
76  35W 

3  36W 
87  53W 

5  22W 
80  5  5  F, 
61  15W 
79  20  E. 
47  00W 
11  43  E. 
Si  47 E. 

70  25  E 

68  10E. 

130  55 E 

2  20W 

1  09  E. 

59  otffi 
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ames  of  Places. 

Con. 

Country. 

Coaft. 

Latitude. 

Longitud. 

H.  Water. 

;>.  Diu 

Af. 

India 

fnd.  Ocean 

o      / 

21    37N. 

0    / 

7028E. 

Dobbs 

Am.  [North Wales 

Hudf.  Bay 

65  00N. 

81   25W 

jofare 

Af. 

Arabia 

Iryd.  Ocean 

16  24N. 

53  4<>E. 

;.  Dominga     5 
Hifpaniola     ( 

Am. 

Antilles 

Atl.  Ocean 

18  25N. 

69  30W 

.  Dominico 

Am. 

Caribbe 

Atl.  Ocean 

15  isN- 

61  08W 

^orderechf 

Eu. 

Dutchlnd. 

R.  Maes 

52  00N. 

4  26  E. 

■    Dorfui 

Af. 

Ajan 

Ind.  Ocean 

10  15N. 

5044E. 

I  Doro 

Eu. 

Turkey 

Archipelago 

38  02N. 

25  12  E 

tort 

Eu. 

Dutchlnd 

Germ.  Oce. 

51  47N. 

440E. 

3I1.  00m. 

;  Dofel 

Eu. 

Livonia 

Bait.  Sea 

58  20N. 

23  00E 

.  Dos  Banhos 

Af. 

Zangueb. 

Ind.  Ocean 

5  15N. 

4924E. 

^over 

Eu. 

England 

Eng.  Chan. 

51  07N. 

1  13  E. 

0     00 

owns 

Eu. 

England 

Germ.  Oce. 

51  25N. 

1  21E. 

2     15 

.).  Dradate 

Af. 

Egypt 

Red  Sea 

19  56N. 

3740E. 

,).  Drake,  Sir  C 
Francis           \ 

Am. 

California 

S.  Sea 

38  4SN. 

128  35W 

ronthem 

Eu. 

Norway 

N.  Ocean 

63  16N. 

10  55  E. 

ublin 

Eu. 

Ireland 

Irifh  Sea 

53  12N. 

6  55W 

8     15 

!  unbar 

Eu. 

Scotland 

Germ.  Oce. 

55  58N. 

2  22W 

4    3° 

undalk 

Eu. 

Ireland 

Irilli  Sea 

53  57N. 

6  28W 

undee 

Eu. 

Scotland 

Germ.  Oce. 

56  26N. 

2  48W 

2     15 

ungarvan 

Eu. 

Ireland 

Atl.  Ocean 

51  57N. 

7  5fW 

4     3o 

ungenefs 

Eu. 

England 

Engl.  Chan. 

51  00N. 

0  51E. 

9    45 

ungfbay  Head 

Eu. 

Scotland 

Germ.  Oce. 

58  45N- 

2  57W 

unkirk 

Eu. 

France 

Germ.  Oce. 

51  02N. 

2  27  E. 

0    00 

unnofe 

Eu. 

I.  Wight 

Eng.  Chan. 

50  38N. 

1  23W 

9     45 

urazzo 

Eu. 

Turkey 

■Mediter.  Sea 

41  58N. 

25  00  E. 

E 

dinburgh 

Eu. 

Scotland 

Germ.  Oce. 

55  58N. 

3  00W 

4     3° 

dyftone 
Elba 

Eu. 

England 

Engl.  Chan. 

50  12N. 

4  20W 

7     3° 

Eu. 

Italy 

Mediterran. 

42  52N. 

10  38E. 

L  Elbe  mouth 

Eu. 

Germany 

Germ.  Oce. 

54  18N. 

7  10E. 

0    00 

lbing 

Eu. 

Poland 

Bait.  Sea 

54  12N. 

20  35  E. 

lfmgburg 

Eu. 

Sweden 

Bait.  Sea 

56  00N. 

*3  35E- 

Ifinore 

Eu. 

Denmark 

Bait.  Sea 

56  00N. 

13  23  E. 

Eluthe-JN.pt. 
ria        \S.  pt. 

Am. 

Bahama 

Atl.  Ocean 

c  25  45N. 
1  24  57N. 

76  42W 

75  53w 

mbden 

Eu. 

Germany 

Germ.  Oce. 

53  05N. 

7  26  E 

0    0© 

■  •  Ernes  mouth 

Eu. 

Germany 

Germ.  Oce. 

53  10N. 

7  20  E. 

7     3° 

nchuyfen 

Eu. 

Dutchlnd. 

Zuyder  Sea 

52  43N. 

5  06  E. 

0    00 

Engano,    or C 
Trompeufe   \ 

Af. 

Siam 

Ind.  Ocean 

6  00  S. 

102  35  E. 

.  Enhorn 

Eu. 

Greenlnd. 

N.  Sea 

78  45N. 

26  05  E 

•phefus 

Af. 

ISatolia 

Archipelago 

38  00N. 

27  53  E 

■•ftaples 

Eu. 

France 

Engl.   Chan. 

50  34N. 

1  42  E. 

1 1     00 

.  Exuma 

Am. 

Bahama 

Atl.  Ocean 

1    23  25N. 

75  35W 

Fairhead 

3,14 
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Names  of  Places. 


Fairhead 
C  Falcon 

L  Falk- 
land 


E.  end 

M.  A 

nifant 


Con 


Falmouth 
C.  Falo 
C.  Falfo 
Falfterbom 
J.  Fana 
R.  Farate 
Faro  Head,  or 

C.  Wrath     ' 
C.  Farewell 
C.  Fartack 
C.  Fear 
I.    Fernando 

Noranha 
I.  Felicur,    Li- 

pari  Ifles       ' 
I.  Fermina 
I.  Fernandepo 
I.  Ferro 
C.  Finifterre 
I.  Fironda 
Flamborough  Head 
I.  Flores 
C.  Florida 
Flufhing 
I.  Fly 

Forbifher's  Straits 
N.  Foreland 
S.  Foreland 
Foreland  Fair 
Foreland  Fair 
Foreland  Merchts. 
I.  Formentaria 
I.  Formigo 
C.  Formofa 
R.  Formofa 
I.    For- (  N.  pt. 

mofa  l  S.   pt. 
J.Forteventura,  5 

S.  W.  end     I 
Foulnefs 
Foulfound 
Foye  j 

C.  St.  Francis       , 
I.  St.  Francifco 
R.  St.  Francifco 


Eu. 
Af. 

Am. 

Eu. 
Eu. 
Af. 
Eu. 
Eu. 
Af. 

Eu 

Am. 
Af. 
Am. 

Am. 

Eu. 

Eu. 

Af. 
Af. 
Eu. 
Af. 
Eu. 
Eu. 
Am. 
Eu. 
Eu. 
Am. 
Eu. 
En. 
Eu. 
Eu. 
Am. 
Eu. 
Eu. 
Af. 
Af. 

Af. 

Af. 

Eu. 
Eu. 
Eu. 
Am. 
Af. 
\m. 


Countries 


Ireland 
Barbary 

Patagon 

England 

Turkey 

Zangueb. 

Sweden 

Turkey 

Egypt 

Scotland 

Greenlnd 

Arabia 

Carolina 

Brafil     » 

Italy 

Turkey 

Guiney 

Canaries 

Spain 

Corea 

England 

Azores 

Florida 

Dutchlnd 

Dutchlnd 

Groenlnd 

England 

England 

Ireland 

Greenlnd. 

Greenlnd, 

Spain 

Azores 

Guiney 

Guiney 

China 

Canaries 

England 
Greenlnd. 
England 
Peru 

Ztnguebar 

liraiil 


Coaft. 


W.  Ocean 
Medit.  Sea 

Atl.  Ocean 

ling.  Chan. 
Archipelago 
Ind.  Ocean 
Bait.  Sea 
Medit.   Sea 
Red  Sea 

W.    Ocean 

N.  Ocean 
Ind.  Ocean 
Atl.  Ocean 

Atl.  Ocean 

Medit.  Sea 

Archipelago 
Atl.  Ocean 
Atl.  Ocean 
Atl.  Ocean 
South  Sea 
Germ.  Ocean 
Atl.  Ocean 
G.  Mexico 
Germ. Ocean 
Germ. Ocean 
Atl.  Ocean 
Germ.  Oce. 
Eng.  Chan. 
N.  Ocean 
N.  Ocean 
N".  Ocean 
Medit.  Sea 
Atl.  Ocean 
Eth.  Sea 
Eth.  Sea 

Tnd.  Ocean 

Atl.  Ocean 

3erm.  Oce. 

M.  Ocean 

?,ng.  Chan. 

■>.  Sea 
nd.  Ocean 
Ul.  Ocean 


Latitude. 


55  iqN, 

36  03N. 

51  30  S. 

52  15  s. 

50  I2N 

.   40  I2N, 

8  52  S 

55  20N. 

40  14N 

21  40N, 

58  44N. 

59  37N. 
•15  41 N. 

3404N. 

3  5°  S. 

38  33N. 

37  24N- 

3  02N. 

27  48N. 

43  i5N- 
33  3°N, 

54  08N. 

39  23N. 
25'  50N. 
5'  33N. 

53  16N 

62  05N. 

51  28N. 
51  12N. 

55  05N. 
79  18N. 

63  20N. 

38  33N. 

37  55N- 

4  22N. 
6  10N. 

c  25  25N. 
I  2Z  00N. 

28  22N. 

5M7N 
77  3oN 
50  25N 

o  30N 

6  23  S 

10  55  S 


Longitud 


6  20W 

o  14W 
55  40W 

5647W 

5  12W 

24  27  E 

39  55  E 
1336E 
19  32E 
36  29E 

4  50  W 

44  30W 
51  31  E 
78  09W 

30  35W 

14  51  E 

25  05  E 

3  33E 

17  26W 

9  20W 

127  25  E. 

0  11  E. 
30  22W 
80  20W 

3  2°E 

5  35E 
47  18W 

1  10E 
1  18E 

6  30W 
10  50  E 
17  05W 

1  15E 

21   50W 

5  43  E 

4  49E. 
121  25  E. 
120  40  E. 

13  25W 

o  58  E. 
12  50E. 

4  3°W 
80  35W 

53  22E. 
36  30W 


H.Wate: 


4I1.  30a 


Freder 
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±iS 


tames  of-  places 


Con 


rederickftadt 

.  French  Keys 
.etum  Borough 
!.  Frio 
.  Fugor 

Fa  ego 
.  Fuihan 

Fyal 

I  G 

Galla 

Gallega 

Gallego 
lallipoli 
lallipoly 
Gallita 
;.  Gallo 

i  j.  Gallopega 

ally  Head 
:  [ahvay 

I.  Gambia 
Gamo 

i.  Gardafuy 

I I.  Garonne 
L  de  Gatt 
!.  Gear 

:  enoa 

[;.  St.  George 

I I  St.  George 
St.  George 

■  L  George's  Fort 
■ibralter 

Gilolol^f 

lafcow 
-oa 
oes 

rolfe  trifle 
.  iombroon 
Gomero 
i.  Gondewar 
.  Good  Hope 
Gorea 
Gorgona 
j      f  N. end 
,i  §  i  S.  end 
•  ~  £  Withy 
;  Goto 
lottenberg 


Eu. 
Am. 

Eu. 
Am. 

Af. 

Af. 

Af. 

Eu. 


Am. 
Am. 
Am. 
Eu. 
Eu. 
Af. 
Af. 

Am. 

Eu. 
Eu. 
Af. 
AC. 
Af. 
Eu. 
Eu. 
Af. 
Eu. 
Am. 
Af. 
Eu. 
Af. 
Eu. 

Af. 

Eu. 
Af. 
Eu. 
Am. 
A{. 
Af. 
Af. 
Af. 
Af. 
Eu. 

Eu. 


Country. 


Norway 

Bahama 

Ruffia 

Brafii 

Zangueb. 

De  Verd 

China 

Azores 


Terra  Fir 

Patagon 

Ter.  Fir. 

Italy 

Turkey 

Barbary 

[.  Ceylon 

Peru 

Ireland 

Ireland 

Negrolnd 

India 

Anian 

France 

Spain 

Barbary 

Italy 

Newfland 

Natolia 


Azores 

India 

Spain 

Spice  Is. 

Scotland 

India 

Dutchlnd 

Ter.  Fir. 

Perfia 

Canaries 

India 

Caffers 

Negrolnd 

Italy 

Sweden 

I, 


Af. 
,  Eu,  'Sweden    Bound 


Coaft. 


Sound 
Atl.  Ocean 
N".  Ocean 
Atl.  Ocean 
fnd.  Ocean 
Atl.  Ocean 
S.  Sea 
Atl.  Ocean 


S.  Sea 
Atl.  Ocean 
S.  Sea 
Medit.  Sea 
Archipelago 
Medit.  Sea 
Ind.  Ocean 

South  Sea 

W.  Ocean 
W.  Ocean 
Atl.  Ocean 
Ind.  Ocean 
Ind.  Ocean 
B.  Bifcay 
Medit.  Sea 
Atl.  Ocean 
Medit.  Sea 
Atl.  Ocean 
Archipelago 
Atl.  Ocean 
Bengal  B. 
Medit.  Sea 

Ind.  Ocean 

R.  Clyd 
Arab.  Sea 
Germ.  Oce 
Carib.  Sea 
Perf.  Gulf 
Atl.  Ocean 
B.  Bengal 
Ind.  Ocean 
Atl.  Ocean 
Medit.    Sea 

Bait.  Sea 

->outh  Sea 


Latitude. 


o       / 

59  ooN. 

22  30N. 
70  00N. 

23  00  S. 
00  10N. 
1455N. 
23  00N. 
38  3SN. 

i 
40N. 

37  s- 

40N. 

19N. 

36'N. 

42N. 

x5N. 

00N. 

00  S. 

40N, 

10N 

00N 

05  S 

48N 

30N 

32N, 

35N. 

25N. 

19N 

47N. 

45N. 

15N. 

I3N 

30N. 

30  S? 

52N 

31N. 

39N. 

20N. 

40N 

08N 

55N 

15  s. 

40N 

ZIN. 

00N 
58N 
40  N. 
25N 
45  N 


Longitud.  rl.  Water 


2 

51 

1 

40 
40 

37 

6 

i    z 

2 

52 

53 

13 

3 
11 

45 
36 

3° 
44 
48 

33 
38 

13 
36 

;  2 
.    1 

55 
15 
51 

IQ 
27 
28 
l6 

34 
14 

43 

53 
56 
57 
34 

57 


11  10E. 
73  40W 
6i  20E 

40  nW 
42  05  E 
23  28W 
ii?-35E. 
27  05W 


79  35w 
65  35W 

104  35W 

1808E. 

27  02E. 

9  °3  E- 

80  20  E. 

89  00WJ 

9  30 W 
10  03W; 
145SW: 
7725E: 
50  25  E. 

1  05W 

2  05W 
10  01W 

841E. 
56  00W 
25  07  E 
25  55W 
80  50  E. 

4  53W 
128  00  E. 


3b.  oom* 


00 


00 


R.  Grand 


2l6 
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R.  Grand 
Granville 
I.  Gratiofa 
I.  Gratiofa 
C.  Gratios  a  dios 
Gravel  ine 
Gravefend 
I.  Grenada 
Greenwich 
C.  Gremia 
Gripfwald 
Grimefby 
Groin,     or 
Corunna 
I.  Groy 
I.  Guardaloupe 
Guayaquil 
J.  Guernfey 
Gulf 


i 


H 

Hacluic's   Headland 

I.  Hai- 1  N.E.  pt 
nam  (  S.W.pt 

I.  Hall 

Halliford 

Hambourgh 

Harlem 

Hartland  Point 

Hartlepool 

Harwich 

C.  Hatteras 

Havannah 

Havre  de   Grace 

J.  St.  Helena 

Helie's  Sound 

Js.  Heligh  Land 

C.  Henrietta 

C.  Henry 

I.  Heys 

High  Mount 

Q,  Hinlopen 
fC.  Tiberon, 
W.  pt. 
C.St.Nichol. 
N.  VV.  pt. 
Po.  Grave 
St.  Domingo 
C.   Raphael 
N.  E.  pt. 


Con 


Am. 

Eu. 

Af. 

Eu. 
Am. 

Eu. 

Eu. 
Am. 

Eu. 

Eu. 

Eu. 

Eu. 

Eu. 

Am. 
Am. 
Am. 
Eu. 

Eu. 


I 


Eu. 
Af. 

Am. 

Eu. 

Eu. 

Eu. 

Eu. 

Eu. 

Eu. 
Am. 
Am. 

Eu. 

Af. 

Eu. 

Eu. 
Am. 
Am. 

Eu. 

Eu. 
Am. 


Am. 


Country. 


Paraguay 

France 

Canaries 

Azores 

NewSpain 

France 

England 

Caribbe 

England 

Turkey 

Germany 

England 

Spain 

New  f  land 

Caribbe 

Peru 

England 

England 


Coaft. 


Greenlnd 

China 

Groenlnd. 

Iceland 

Germany 

Dutchlnd. 

England 

England 

England 

Carolina 

f.  Cuba 

France 

Caffers 

Greenlnd. 

Norway 

New    Wales 

Virginia 

France 

Greenlnd. 

Vlaryland 


Antilles 


^tl.  Ocean 
Eng.  Chan. 
All.  Ocean 
Atl.  Ocean 
Carib.  Sea 
Eng.  Chan. 
R.  Thames 
Atl.  Ocean 
R.  Thames 
Archipelago 
Bal.  Sea 
Germ.  Oce. 

B.  Bifcay 

Atl.  Ocean 
Atl.  Ocean 
S.  Sea 
Eng.  Chan. 
St.  Geo.  Ch 


N.  Ocean 

Ind.  Ocean 

Atl.  Ocean 
N.  Ocean 
R.  Elbe 
Germ.  Oce. 
Briftol  Ch. 
Germ.  Oce. 
Germ.  Oce. 
Atl.  Ocean 
Atl.  Ocean 
Eng.  Chan. 
Atl.  Ocean 
N.  Ocean 
N.  Ocean 
Hud.  Bay 
Atl.  Ocean 
B.  Bifcay 
N.  Ocean 
Atl.  Ocean 


Atl.  Ccean 


Latitude. 


31  58  S 

48  50N 
29  37N 
39  06N 
1448N 
5059N 

5*  35N 

11  52N 
51  28N 

4033N 

54  HN 

S3  30N 

4328N 

50  39N 

16  20N 

2  10  S 

49  30N 

50  06N 


79  55N 

1945N 

. 18  22N 

63  56N 

64  30N 

53  4-iN. 
52  24N, 

51  06N 

54  40N 

52  11N 

35  24N 
23  12N, 
49  3°N, 
16  00  S. 

79  lSN 

65  15N. 

55  08N. 

36  57N. 
46  24N 
83  23N. 
39  10N. 

18  17N 

19  50N. 

18  28N. 

18  25N. 

19  05N 


Longitud.  'H.  Wate 


50  35W 

1  3zW 
12  08W 
26  10W 
82  15W 

2  13E 
o  20  E. 

61  39W 

o  05  E 

26  20  E 

I5  34E. 

o  56E 

9  20W 

51  35W 
61  25W 
80  10W 

2  47W 
6  00W 


12  00E. 
no  13E 

108  13  E 
44  26W 
27  1 5W 
IG38E 

4  10E 
435W 

0  56W 

1  18E. 
76  20W 
81   11W 

o  17  E 

5  53W 
12  50  E 

9  30E 
84  25W 
76  23  W 

2  14W 
26  40E 
74  50W 

74  3°W 

73  c8W 

.72  42 W 
69  30W 


7I1.  oor. 


68  30W 


R 
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ames  of  Places. 


Con. 


Hogfties 
^  f  B.  Seadogs 
^^N.W.  limit 
^  (  S.  W.  limit 
bly  Cape 
Iply  Head 
<;  Honduras 
JHondy,  I.  Cuba 
bnii«ur 
bpe  I  fie 
<i  Horn 
brnfound 
].  Hougue 
]|  Hughley 
[ill 

1  Humber,  Ent. 
IHyneago 


llo 

(jjaffanapatan 
IJago 

Jf  Weft  end 
IJ  Port  Royal 
.|j[  Eaft  end 
jlnes  Town 
BJaneiro 

Jian  Ifles 

Jf  C.  Delo,  W 

«     Pf- 

At  Eaft  limit 

I;  Point 
If  Sound 
IJerfey 
Tiufalem 
Inlay,  S. 
Hindus 

ernefs 

oanna 

Idah 
CSt.  John 
C  St.  John 

rt  St.  Johns 


pt. 


^ohn{w.p[ 
t.  John  de  Nova 
John  de  Luz 

C?e  Jones 


Am. 

Af. 

Af. 

Eu. 

Am. 

Am. 

Eu. 

Eu. 

Am. 

Eu. 

Eu. 

Af. 

Eu. 

Eu. 

Am. 


Af. 
Af. 
Af. 

Am. 

Am. 
Am. 

Af. 

Af. 

Eu. 
Eu. 
Eu. 
Af. 
Eu. 
Af. 
Eu. 
Af. 
Af. 
Am. 
Af. 
Am. 

Am. 

Af. 
Eu. 
Am. 
Af, 


Country. 


Bahama 


Siberia 

Wales 

NewSpain 

Antilles 

France 

Greenlnd. 

Ter.  Fuego 

Greenlnd. 

France 

India 

England 

England 

Bahama 


Japon 
I.   Ceylon 
C.Verd 

W.  Indies 

Virginia 
Brafil 


Siam 

Nbv.Zem 

Greenlnd 

England 

Paleftine 

Scotland 

India 

Scotland 

Zangueb. 

Arabia 

Newfland 

Maiumbo 

Newfland 

Canada 

Madagaf. 
France 
New  Brit. 
Syria 


Coaft. 


Atl.  Ocean 

rnd.  Ocean 

N.  Ocean 
[rifh  Sea 
Carib.    Sea 
Atl.  Ocean 
R.  Seine 
NT.  Ocean 
S.  Ocean 
NT.  Ocean 
Engl.  Chan 
8.  Bengal 
R.  Humber 
Germ.  Oce. 
Atl.  Ocean 


S.  Sea 
fnd.  Ocean 
Atl.  Ocean 

Atl.  Ocean 

B.Chefapeak 
Atl.  Ocean 

S.  Sea 


Ind.  Ocean 

N.  Ocean 
N.  Ocean 
Engl.  Chan. 
Inland 
Weft   Ocean 
Ind.  Ocean 
Germ.  Oce. 
[nd.  Ocean 
Red  Sea 
W.  Ocean 
Eth.  Ocean 
Atl.  Ocean 
B.  St.  Lau 

rence 
Ind.  Ocean 
B   Bifcay 
Hudf.  Bay 
Levant 

E  f 


Latitude. 


Longitud 


H.  Water. 


2t  4iN. 
25  33-S. 

20  30  S. 

34  45  S- 

72  32N. 
53  23N. 
16  18N. 

2  2  54N. 
49  24N. 
76  22N. 

55  42S- 
76  41N. 
49  4$N. 

21  45N. 
53  5oN- 
53  55N- 
21  07N. 


36  00N. 
947N. 

15  07N. 
18  45N. 
17  40N 
17  58N. 

37  30N. 
23  00  S. 
40  40N. 
31  45N. 

6  50  S. 

7  00  S. 

8  30  S, 

77  40N. 

78  13N. 

49  07N. 
31  5°N. 
5  5  39N. 
25  50N. 
57  33N. 
12  05  S. 
22  00N. 

50  25N. 
1  17N. 

48  o4N, 

46  36N, 

47  35N- 
17  00  S 
43  10N, 
55  »5N. 
3245N 


o      / 

73  15W 
08  10E. 
12  1 ;  E. 

1 2  00E. 
7945E. 

4.  40W 
85  23W 
82  40  W 

0  zo  E. 
23  40  E. 
6600W 

13  36  E 

1  55W 
89  1 5  E 

o  28W 

o  24  E 

73  01W 


139  40  E. 
80  55  E. 
22  35W 

78  00 W 

75  52W 

76  05W 

76  coW 

41  08W 

141  25  E. 

126  10  E 

105  15  E. 

115  55E 

69  loE; 
12  OO  E 

2    26W 

35  25E- 
6  20W 

66  33E 

4  02W 

45  45  E 
39  z7  E 
52  45W 

9  34  E- 
50  05  w 
60  00W 
62  05W 
44  02  E 

1  38W 

79  00W 

36  00  E.l 


6h.  com. 
4    3° 


3     SO 


Jone»*» 


ai8 
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Names  of  Places.  Con. 


Jones's  Sound 

Ipfwich 

Iipahan 

I.  Juan  fernandes 

Por.  St.  Julian 

I.  Ivica 

K 

Kalmer 
Kambaya 
Kam-     C   Lower 
chatka|  Upper 
I.  Karaghinfkoy 
I.  St.  Katherines 
Keco 
Kegor 

R.  Kennebeck 
Kentifh  knock,  { 
a  fand  ( 

I.  St.  Kilda 

I.  Kilduin 

Kinfale 

Klip 

R.  Kola 

C.  Kol 

Port  Komol 

Komero  Ifles 
R.  Kowimia 


Am. 
Eu. 
Af. 
Am. 
Am. 


Country. 


Eu.  Sp 


Groenlnd. 

England 

Perfia 

Chili 

Patagonia 


Coaft. 


Baffin's  Bay 
Germ.  Oce. 
R.  Zenderu 
S.  Sea 

S.Atl.  Ocean 
iMedit.  Sea 


Eu. 

Af. 

Af. 

Af. 
Am. 

Af. 

Eu. 
Am. 

Eu. 

Eu. 
Eu. 
Eu. 
Eu. 
Eu. 
Eu. 
Af. 

Af. 

Af. 


Sweden 
India 

Siberia       South  Sea 


Baltic  Sea 
Ind.  Ocean 


Latitude. 


I 


Lad  rone,     or 
Marian  I  fie 
C.  Lagulias 
Lancalter 
I.  Lancercta 
Land's  End 
Langenefs 
I.  Lambay 
I.  Lampadofa 
b.  St.  Lazarus 
C.  Ledo 
Leith 
Leghorn 
I.  Lemnos 
C.  Lengua 
Leoftaff 
Lepanto 
I.  Lefow 


Siberia 

Brafil 

Tonquin 

Mofcovy 

NewEng. 

England 

Scotland 

Lapland 

Ireland 

Greenlnd. 

Lapland 

Sweden 

Abyffinia 

Zangueb. 

Siberia 


Af. 

Af. 
Eu. 
Af. 
Eu. 
Eu. 
Eu. 
Af. 
Am. 
Af. 
Eu. 
Eu. 
Af. 
Eu. 
Eu. 
Eu. 
Eu 


S.  Sea 
Atl.  Ocean 
Ind.  Ocean 
N.  Ocean 
Atl.  Ocean 

Germ.  Oce. 

W.  Ocean 
N.  Ocean 
Atl.  Ocean 
N.  Ocean 
N.  Ocean 
Sound 
Red  Sea 

Ind.  Ocean 

N.  Ocean 


Longitud.  H.  Water. 


71  07N 
52  14N 
32  25N 

34  I0  S 
48  51  S 

3854N 


56  40N 

23  36N 

v  56  11N. 

1  54  48N 

58  00N 

27  45  S 

21  55N. 
70  18N. 
44  00N. 

51  42N. 

57  44N. 
69  30N 
51  32N 
80  10N, 

69  20N 
56  50N 

22  30N 
10  48  S 

.13  »°s 

70  40N 


Cafraria 
England 
Canaries 
England 
Nov  Zem 
Ireland 
Tunis 
Patagon 
Angola 
Scotland 
Italy 
Natolia 
Turkey 
England 
iTurkey 
Denmark 


S.  Ocean 

Ind.  Ocean 
St.  Geo.  Ch. 
Atl.  Ocean 
St.  Geo.Ch. 
N.  Ocean 
Irifh  Sea   ■ 
Medic.  Sea 
S.  Sea 
Atl.  Ocean 
Germ.  Oce. 
Meek.  Sea 
Archipelago 
Medit.    Sea 
Germ.  Oce. 
Medit.  Sea 
Sound 


21  00N. 
13  15N. 

34  45  s' 

5442N 
29  30N 
50  06N 
7440N 
53  24N 

35  32N 
48  42  S 

9  24  S 
5558N 

43  33N 
40  02N 

40  44N 

52  38N 
38  20N 
57  °5N 


91  3dW 

1  00  E. 

52  55E. 

79  35w 
65  10W 

1  15  E 


17  25  E, 
72  50E. 

159.25  E. 

157  25  E 

162  10W 
47-58W 

106  10  E. 

34  00  E. 
6945W 

1  45  E 

8  18W 

31  20  E. 

1  20W 

12  22E, 

35  3°E 

13  13E 

36  17  E 

44  46  E 
46  22  E 
159  00E 


144  00  E 

142  55  E 

21  40  E 
436W 

12  20W 

6  00W 

53  3°E- 

7  30W 
1245E. 

73  35w 
1 2  5  5  E. 

2  59W 

10  25  E 
25  36  E. 
19  36E 

1  54E. 

22  03E 

11  06  E 


I' 


oh.  ooi 


m 


30 
30 


7  30 

8  15 


4    30 


9    45 


Leverpo 


I 
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Barnes  of  Places. 

Con. 

Country. 

Coaft. 

Latitude.    Longitud. 

11.  Water. 

,■■—-—-» 

jeverpool 

Eu. 

England 

Irim  Sea 

0       / 

53  22N. 

9    1 
2  30W 

.  Lewes,  N.  pt. 

Eu. 

Scotland 

Weft.  Oce'an 

58  35N. 

6  37W 

,iampo,  or  Ningpo 

Af. 

China 

South  Sea 

30  00N. 

120  30E 

jima 

Am. 

Peru 

South  Sea 

12  20  S. 

77  35W 

jime 

Eu. 

England 

Eng.  Chan. 

5°  45N- 

3  15^ 

limerick 

Eu. 

Ireland 

R.  Shannon 

52  22N. 

9  48W 

.  Limofa 

Eu. 

Italy 

Med.  Sea 

36  08N. 

13  01  E. 

.  Lipari 

Em. 

Italy 

Medit.  Sea 

3835N. 

15  31E. 

L  Liqueo 

Af. 

Japan 

South  Sea 

28  00N. 

127  30  E 

iifbon 

Eu. 

Portugal 

R.  Tagus 

38  42N. 

8  52W 

2I1.  15  m. 

L.i(bon  Rock 

Eu. 

Portugal 

W.  Ocean 

38  42N. 

9  25W 

.Lifla 

Eu. 

Dalmatia 

Adriat.  Sea 

42  56N. 

1832E. 

wizard 

Eu. 

England 

Engl.  Chan. 

49  57N- 

5  14W 

7     3° 

f  S.W. 

s.Loffout«jNe^ 

(.    end 

f68  15N. 

10  20E. 

Eu. 

Norway 

N.  Ocean 

1          j 

j  69  00N. 
47  07N. 

12  00  E 

L  Loire,  Ent. 

Eu. 

France 

B.  Bifcay 

2  o5"W 

3    00 

London 
New  London 

Eu. 

England 

R.  Thames 

51  32N. 

0  00 

3     00 

Am. 

New  Eng. 

W.    Ocean 

41  50N. 

72  14W 

Londonderry 

Eu, 

Ireland 

Weft.  Ocean 

55  01N. 

7  31W 

,ong  Ifle 

Am. 

New  Eng. 

W.  Ocean 

41  00N. 

cyi  59W 

£74  20W 

.  Longo 

Eu. 

Dalmatia 

Adriat.  Sea 

43  45N- 

1758E 

iOngfand  Head 

Eu. 

England 

Germ.  Oce. 

51  47  N. 

1  41E. 

-ookout  Point 

Eu. 

Greenlnd. 

N.  Ocean 

76  40N. 

1625  E 

p  Lopas 

Af. 

Loan go 

Atl.  Ocean 

047S. 

830E. 

!.  St.  Louis 

Am. 

Louifiana 

G.  Mexico 

28  50N. 

97  08W 

.ouifbourg 

Am. 

C.  Breton 

B.  St.  Lawr. 

46  50N. 

61  30W 

.ubec 

Eu. 

Germany 

Bait.  Sea 

54  00N. 

11  40  E. 

-.  St.  Lucas 

Am. 

California 

South  Sea 

23  15N. 

1 11  35W 

1 

I.  Lucia 

Af. 

Caffers 

Ind.  Ocean 

27  52  S. 

33  2&  E. 

.  St.  Lucia 

Af. 

C.  deVerd 

Atl.  Ocean 

17  25N. 

24  05W 

.  St.  Lucia 

Am. 

Caribbe 

Atl.  Ocean 

1 3  45N. 

61  00W 

STN.E,  point 

; 

19  25N. 

i2r  45  E. 

5  \C.  Bajador 

18  50N. 

120  25  E. 

3  <Manila 

Af. 

Phil.  Is. 

South  Sea 

14  30N 

120  30  E. 

4  VS.  W.  point 

13  30N. 

11935E 

■*v.E.  point 

14  00N. 

124  00  E. 

.unden 

Eu. 

Sweden 

Baltic  Sea 

55  42N. 

1325E. 

L  Lundy 

Eu. 

England 

St.  Geo.  Ch. 

51  20N. 

4  04W 

5     »5 

-upis's  Head 

Eu. 

Ireland 

W.  Ocean 

52  24N. 

10  15W 

^ynn 

M 
:.Mabo  ' 

Eu. 

England 

Germ.  Oce. 

52  55N. 

0  32  E. 

6    00 

Af. 

New  Guinea 

S.  Ocean 

0  40  S. 

130  05  E. 

/lacao,  or  Makau 

Af. 

China 

S.  Sea 

22  13N. 

113  51E. 

^acaffar                 Af. 

[.  Celebes 

S.  Sea 

4  40  s. 

11905  E. 

t  Machian         1  Eu. 

Spain 

B.  Bifcay 

43  44N. 

305W 

F  f 

z 

I.  Ma- 
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re 
«    J 


C.  St.  Mary, 
S.  pt. 

B.S-,  Aueuftine 
Terra  de  Gada 
C.  St.  Andrew 
C.  St.  Sebaftian 

C.  deAmbre, 
N.  pt 

B.  d'Antongil 

Antavare 
Po.  Dauphin 
I.  Ma- C  Funchal 
deira(  W.  end 
Madrid 
Madura 

R.  Maes,  mouth 
Str.  Le  Maire 
Magadoxa 
Str.  Ma  jE.  ent. 
gellan  \  W.ent 
Magifilan 
I.  Maguana 
P.  Mahon,   lfl.j 
Minorca        \ 
Majorca,    Ifl.   j 
Majorca         ( 
C.  Mala 
Malacca 
Malaga 

Is.  Mai- C  N.  end 
dive    (  S.  end 
Maleltroom        < 
Whirlpool     I 
l.  Malique 
St.  Maloes 
J.  Malta 
I.  Man,  W.  end 
Mangalor 
Str.  Manila 
I.Mansfield.N.pt. 
I.  Manfia 
I.  Mardou 
I.  Margarita 
R.  Maragnon 
Margate 
C.  St.  Maria 

C.  St. Maria,  or  Lucia 
Marian,  f  N.lim. 
or  Ladrone  -J 
Mes        I  S.  lim 
X.  St.  Maries 


Country.  I      Coaft. 


Af. 


Af. 

Eu. 
Af. 
Eu. 
Am. 

Af. 

Am. 

Af. 
Am. 

Eu. 

Eu. 

Eu. 
Af. 
Eu. 

Af. 

Eu. 

Af. 
Eu. 
Eu. 
Eu. 
Af. 
Af. 
Am. 
Af. 
Eu. 
Am. 
Am. 
Eu. 
Eu. 
Eu. 

Af. 


Latitude. 


[nd.  Ocean 


Lananes 

■Spain 

India 

Outchlnd. 

Patagonia 

Zangueb. 

Patagonia 

India 
Bahama  I. 

Spain 

Spain 

Turkey 

India 

Spain 

India 


Longitud. 


H.Wat/ 


Atl.  Ocean 

R.  Manzanares 
Ind.  Ocean 
Germ.  Oce. 
Atl.  Ocean 
Ind.  Ocean 
Atl .  Ocean 
S.  Sea 

Malab.  Coa 
Atl.  Ocean 

Medit.  Sea 

Medit.  Sea 

Archipelago 
Str.  Malacca 
Medit.  Sea 

Ind.  Ocean 


25  24  S 

23  15S 

19  36  S. 

15  46  s 

12  30  S 
12   15  S. 

16  00  s. 

20  53  S. 

24  48  S. 
32  38N. 
32  25N. 
40  25N, 
10  15N. 
52  06N 
55  00  S 

2  53N 

52  50  S 
52  36  S 
12  10N 

22  36N 

39  45N 

39  45N- 

.37  20N. 

2  12N. 

36  43N. 

f    7  20N 

t    o  20  S 


Norway     W.  Ocean         68  08N 


Maldive  I 

France 

Italy 

England 

India 

I.  Luconia 

New  Brit 

Zangueb. 

Norway 

Terra  Fir. 

Brafil 

England 

Portugal 

Italy 


i  Eu.  i  Azores 


Ind.  Ocean 
Eng.  Chan. 
Medit.  Sea 
Irifh  Sea 
Ind.  Ocean 
South  Sea 
Hud.  Bay 
Ind.  Ocean 
Sound 
Atl.  Ocean 
Atl.  Ocean 
Eng.  Chan. 
Atl.  Ocean 
Medit.  Sea 

S.  Ocean 

Atl.  Ocean 


7  45N 
48  39N 

35  54N 
53  45N 

13  02N 

14  35N 
62  27N 

8  36  S 
58  14N 
11  15N 

1  48  S 

51  29N 

3645N 

40  04N 

■21  00N 

.13  i5N 

37  00N 


45  53  E. 
4425E. 

44  46  E. 

45  22  E. 
49  J3  E 
5015E. 

49  40  E 
4748E 
48  06  E 

16  51W 

17  21W 
03  39W 
78  35E. 

3  50  E. 
62  10W 

45  z5  E- 
yz  35W 
62  35W 
7414E 


72 


2;W 


Oh.  45, 


419E. 

2  25  E. 

24  07  E 
102  10E. 

4  02W 
7303E. 
76  10E 

1040E 

72  40  E 
2  05W 
1434E 

5  00W 
75  10E 

124  00  E 

80  30W 

40  40  E, 

855E 

63  35W 

44  '7W 

1  10E. 

745W 

18  31E 

1 44  00  E. 

142  55E1 

22    56W 


6    oc 


ca 


II         I! 


St.  Mai 
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St.  Maries 

t.  Marigallante 

[.  Maritimo,     C 

Sicily  1 

jC.  Martelo 
it.  Martka 
;.  St.  Martin 
:.  St.  Martin 
1  St.  Martin 
..  Martinique,   5 

Fo.  Royal  ( 
vlarfeilles 
:.  St.  Mary 
:.<St.  Mary 
;.  St.  Mary 
:.  St.  Mary 
".  Virgin  Mary 

Mafcarenhas 
.  Mafcarin 
4afcat 
/fafterland 
flafulipatan 
!.  Matapan 
.  Matbare 
.  St.  Mathews 
.  Mauritius 
.  May 
«  May 
..  Mayetta 
lecca 
ledina 
.  Melada 
lelinde 

Melo 
lemel 
Iemiflan 

Menado 
'.Mendozin 

.  Meraparvous 
teffina 

.  Mefurato 

•        <  Metylene 

ylene )        J       , 
'         (,  Po.Olivier1 

Meun 
lexico 

St.  Michael 
liddleburg 

ilford 

filo,  f.  Milo 

ills's  Ifles 


Con. 


Eu. 
Am. 

Eu. 

Eu. 
Am. 
Am. 

Af. 

Eu. 

Am. 

Eu. 
Am. 
Am. 

Af. 

Eu. 
Am. 

Af. 
Am. 

Af. 

Eu. 

Af. 

Eu. 

Af. 

Af. 

Af. 

Af. 
Am. 

Af. 

Af. 

Af. 

Eu. 

Af. 

Eu. 

Eu. 

Eu. 

Af. 
Am. 
Am. 
.Eii. 
I  Af. 

I.Af. 

Eu. 
Am. 

Eu. 

Eu. 

Eu. 

Af. 
Am. 


Country. 


I.  Scilly 
W.  Indies 

Italy 

Turkey 
Ter.Firm 
W.  Indie; 
Caffers 
Spain 

W.  Indie; 

France 

Newfland 

Brafil 

Natolia 

Spain 

Patagonia 

Zangueb. 

Peru 

Arabia 

Sweden 

India 

Turkey 

Japan 

Guinea 

Madagaf. 

CapeVerd 

Penfilvan. 

Madagaf. 

Arabia 

Arabia 

Dalmatia 

Zangueb. 

Turkey 

Courland 

France 

I.  Celebes 

California 

Bahama 

I.  Sicily 

Tripoli 

Natolia 

Denmark 

Mexico 

Azores 

Dutchlnd 

Wales 

Turkey 

N.  Main 


Coaft. 


Sng.  Chan. 
Atl.  Ocean 

Medjt.  Sea 

Med.  Sea 
Atl.  Ocean 
Atl.   Ocean 
Atl.  Ocean 
Medit.  Sea 

Atl.  Ocean 

Mediter.  Sea 
Atl.  Ocean 
Atl.  Ocean 
Archipelago 
N.  Atl.  Oce, 
S.  Atl.  Oce. 
Tnd.  Ocean 
S.  Ocean 
Ind.  Ocean 
Sound 
B.  Bengal 
Archipelago  | 

Ocean 
Eth.  Ocean 
Ind.  Ocean 
Atl.  Ocean 
Atl.  Ocean 
Ind.  Ocean 
Red   Sea 
Red  Sea 
Adriat.  Sea 
Ind.  Ocean 
Archipelago 
Bal.  Sea 
B.  Bifcay 

Sea 

Sea 
Atl.  Ocean 
Medit.  Sea 
Medit.  Sea 

Archipelago 

Bait.  Sea 
Inland 
Atl.  Ocean 
Germ.  Oce. 
St.  Geo.  Ch 
Archipelago 
Itfudf.  Bay 


Latitude. 


4957N 
16  00N 

38  04N 

38  00N 

1 1  20N 
18  06N 

.  3208S. 
3844N 

M33N 

43  18N 
46  52N 
3452  S 

37  46N 
36  46N. 
52  21  S. 

3  30  s, 
1  20  s, 

23  10N 
5758N 
16  28N 
36  25N. 
26  30N. 

1  23  S 

20  15  s. 
15  I9N. 

39  15N 

12  53.S 

21  40N. 

24  5§N. 
42  40ft 

3  07  S 
36  41N 
5548N 

44  20N 
1  36N 

.41-  20N 
21  58N 

38  21N 
32  18N. 

39  21N 
39  11N 
39  00N 
55  00N 
20  00N 
38  13N 
51  37N 
51  45N 
36  41N 
6436N 


Longitud. 


6  45W 

61  10W 

12  33E 

26  00 E. 

73  40  W 

62  30W 

18  58E 

0  25  E. 

60  54W 

527E 
52  15W 
52  55W 

27  21  E. 

7  49w 
6y  29W 

57  25E 
88  50W 
5740E. 

12  00  E. 
81  40  E. 
22  40E. 

137  00E. 
6  11W 

58  10E 

21  53W 

74  43w 
46  10  E. 
41  00E. 

39  53E 

19  34E. 

3940E. 

25  05  E. 

22  23  E. 

1  23W 
122  25E. 
130  15W 

74  >3W 
16  21E 
1636E. 
2608E. 

26  47  E. 
26  50E. 

13  15E. 
103  35W 

22  50W 
358E. 

5   "SW 

25  05  E. 
80  30W 


H.  Water.  • 


3h.  30m. 


5     *S 


L  Min- 
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J3< 


N.  point 
S.E.  pt.   C 
Saint  Au 
guftine 
S.W.pt.  Cal 

dera 
^S.  point 

I.  Mindora 

I.  Mi-JN.W.pt. 
norca^S.  E.  pt. 

I.  Mifcou 

C.  Miferata 

Miffen  Head 

R.  Miflifllpj,  mouth 

Mocha 

Modon 

I.  Mohilla 

I.  Monferat 

Mont  Real 

I.  Monte  Chrifto 

C.  Monte  Sanfto 

Mount  St.Michael 

I.  Morgo 

Morlaix 

Mort  Point 

Mofambique 

Mofcow 

Mofquitos  Bank 

C.  Mount 

Mounts  Bay 

Moufe  River 

C.  Mufaldon 


Con.  Country. 


Coaft. 


Latitude. 


N 

C.  Nabo 
Nangafack 
Nankin 
Nantes 
Nantuck  Ifle 
Naples 
Narbonne 
Narfinga 
Narva 
I.  Naffau 
C.  Naffau 
Naffau  Str. 
B.  Natal 
I,  Naxo» 


Af. 

Af. 

Eu. 

Am. 
Af. 
Eu. 
Am. 
A(. 
Eu. 
Af. 
Am. 
Am. 
Eu. 
Eu. 
Eu. 
Af. 
Eu. 
Eu. 
Af. 
Eu. 
Am. 
Af. 
Eu. 
Am. 
Af. 


Spice  Ifles 


Af 
Af. 
Af. 
Eu. 
Am. 
Eu. 
Eu. 
Af. 
Eu. 
Af. 
Am. 
Eu. 
Af 


Philip.  Is, 

Spain 

Nov. Scot. 

Guiney 

Ireland 

Louifiana 

Arabia 

Turkey 

Zangueb. 

W.  Indies 

Canada 

Italy 

Turkey 

France 

Natolia 

France 

England 

Zangueb. 

Ruffia    | 

Mexico  , 

Guinea 

England 

New  Wis 

Arabia 


Japan 

Japan 

China 

France 

New  Eng 

Italy 

France 

India 

Livonia 

Siam 

Ter.Firm. 

Ruffia 

Gaffers 


South  Sea 


Eu.  ITurkey 


South  Sea 

Medit.  Sea 

G.  St.  Lawr, 
Atl.  Ocean 
Atl.  Ocean 
G .  Mexico 
Red  Sea 
Medit.  Sea 
Ind.  Ocean 
Atl.  Ocean 
R.  Canada 
Medit.  Sea 
Archipelago 
Engl.  Chan. 
Archipelago 
Eng.  Chan. 
St.  Geo.  Ch. 
Ind.  Ocean 
R.  Mofcow 
Atl.  Ocean 
Atl.  Ocean 
Engl.  Chan. 
Hudf.  Bay 
Perf.  Gulf 


S.  Ocean 
South  Sea 
South  Sea 
B.  Bifcay 
W.    Ocean 
Medit.  Sea 
Medit.  Sea 
B.  Bengal 
G.  Finland 
Ind.  Ocean 
Atl.  Ocean 
N.  Ocean 
Ind.  Ocean 
Archipelago 


9  40N. 
640N, 

7  00N. 

3  50N. 

13  00N. 

S  39  58N. 

t  4c  24N. 

47  45N. 

6  25N. 
51  16N. 
29  00N. 

n  45N- 
36  55N. 

11  55  S. 

16  37N. 
45  52N. 
42  17N. 
40  27N. 

48  39N. 
36  55N. 
48  30N. 
51  12N. 
15  00  S. 
55  36N. 
1445N. 

7  12N. 

50  05N. 

51  25N. 
26  04N. 


40  35N. 
3245N 
32  07N 

47  13N 

41  34N. 
40  51N 
43  1  iN. 
18  05N. 
59  08N. 

3  00  S. 

7  53N. 
69  55N. 
29  25  s. 
37  06N. 


Longitud. 


H.VVsft 


o      / 

124  25  E 
126  25  E. 

121  25  E. 

124  43  E. 
119  37  E. 

3  54  E 

4  18E. 
62  09W 

9  35w 
1 1  30W 

89  17W 

44  04  E 
21  03  E. 

45  00  E. 
62  13W 
73  11W 
10  28  E, 
24  39  E 

1  35W 
26  30  E 

3  50W 

4  40W 
41  40  E. 
40  25  E 
80  05W 
10  44W 

5  45^ 
83  15W 
55  22  E. 


141  25  E. 

128  50  E. 

118  35  E. 

1  29W 

69  40W 

1445E. 

3  °5  E- 
85  20  E. 

29  18  E. 
100  25  E. 
58  07W 
57  3°  E. 
33  10  E 
2558E 
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ames  of  Places 


Con 


aze 
-edles 

Negrailles 

Negro 

Negro 
jgropont 
,!  rt  Nelfon 
.  Nevis 
;  ;wcaflle 
..  Nicaragua 
ce 

,  Nicobar 
;  St.  Nicholas 
'.  cotera 
:  euport 
'..  nhay 
]  igpo,  or  Liampo 

Nio 
iNoel 
t  de  Non 
I  imbre  de  dios 
'.ire 
<;  North 

S  Dape,  I.  Maggoroe 
hrth  Point 
3  Nottingham,  C 
E  pt.  I 

O 

(zakow 

1)eland{N.end 
(  head  of  Kingfale 
lOleron 
Cinde 
(tva 
(lone 
Ceglia 
Oorto 
(an 

(  Orange 
(bitello 
I  Drchillo 
(fordnefs 
Oney  lfles, 
limits 

iw  Orleans 
iDrmus 
CelOro,  orOlerada 

f  Oronotjue 


Eu. 
Eu. 
Af. 
Af. 
Af. 
Eu. 
Am. 
Am. 
Eu. 
Am. 
Ea. 
Af. 
Af. 
Eu. 
Eu. 
Af. 
Af. 
Eu. 
Af. 
Af. 
Am. 
Eu. 
Am. 
Eu. 
Eu. 


Country. 


Coaft. 


Am. 


Norway 

England 

Pegu 

CafFres 

Barbary 

Turkey 

New  Wis. 

Carib.  Is. 

England 

New  Spain 

Italy 

Siam 

C.  Verd 

Italy 

Flanders 

China 

China 

Turkey 

India 

Barbary 

Ter.  Fir. 

England 

Ter.  Firm 

Lapland 

Norway 

New  Brit. 


Eu. 

Eu. 

Eu. 
Eu. 
Am. 
Eu. 
Eu. 
Eu. 
Eu. 
Af. 
Am. 
Eu. 
Am. 
Eu. 

Eu. 

Am. 

Af. 

Af. 
Am. 


W.  Ocean 
Eng.  Chan. 
B.  Bengal 
Atl.  Ocean 
Medit.  Sea 
Archipelago 
Hudf.  Bay 
Atl.  Ocean 
Germ.  Ocean 
Atl.  Ocean 
Medit.  Sea 
B.  Bengal 
Atl.  Ocean 
Medit.  Sea 
Germ. Ocean 
South  Sea 
S.  Sea 
Archipelago 
Ind.  Ocean 
Atl.  Ocean 
Carib.  Sea 
R.  Thames 
Atl.  Ocean 
N.  Ocean 
N.  Ocean 

Hudf.  Str. 


Turkey 

Sweden 

Ireland 

France 

Brafil 

Germany 

France 

Italy 

Portugal 

Barbary 

Ter.  Firm 

Italy 

Ter.  Firm 

England 

Scotland 

Louifiana 
Perfia 
Negrolnd 
Ter.  Fir. 


Black  Sea 

Bait.  Sea 

Atl.  Ocean 
B.  Bifcay 
S.Atl.  Ocean 
Bait.  Sea 
B.  Bifcay 
Medit.  Sea 
Atl.  Ocean 
Medit.  Sea 
Atl.  Ocean 
Medit.  Sea 
Carib.  Sea 
Germ.  Oce. 

W.   Ocean 

R.  Mifiifflpi 
G.  Perfia 
Atl.  Ocean 
AU.  Ocean 


Latitude. 


57  50N. 

50  41JN. 
16  20N. 
16  30  S. 

37  17N. 

38  30N. 
5707N 

16  55N. 
55  °3N. 
1 1  40N; 
4342N 

7  22N. 

17  05N. 
38  33N 

51  08N 
37  10N 
30  00N 
36  48N 
10  30  S. 
28  04N. 

9  43N 
51  28N, 

145N 
71  27N, 

62  15N 

63  33N 


45  12N 
c  56  15N 
1  57  23N 

51  35N 

45  5»N 
8  13S 

54  20N 

46  32N 

43  57N 
40  53N 

35  45N 

427N 

42  30N 

ix  32N 

52  17N 

y  59  24N 
1 58  44N 

30  00N 
27  30N 
23  30 \ 
08  08N 


Longitud, 


H.  Water. 


7  3zE- 
1  48W 

9415E. 

11  30  E. 

9  09  E. 
24  05  E 
94  15W 
62  42W 

1  28W 
82  47W 

7  22E. 
94  40  E 
23  28W 
16  30  E. 

2  50E. 
122  25  E. 
120  50E. 

26  02  E. 
105  25  E. 

10  32W 
78  35W 

048E. 
49  00W 
26  30  E. 

6  15  E. 

78  20W 


34  40  E. 
18  35E. 

17  36  E. 
8  58W 
1  25W 

35  °5W 

18  30  E. 
1  36W 

7  5*E 

8  35W 

0  00W 
50  50W 
12  coE 
65  25W 

1  11  E. 
3  23W 

2  nW 
00W 
17E. 
3'W 


uh. 
9 


15m. 

45 


5     15 


12      03 


90 

55 

M 

59  5o"W 


o    00 


3     <»* 


3    45 


45 
00 


C.  Oro- 
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C.  Oropefo 
C.  Ortega! 
Ortona 
I.  Oruba 
Oftend 
C.  Otranto 
Ozaca 


C.  Padron 

Paita 

C.  Paillouri 

Palermo,  I.  Sicily 

Paliakate 

I.  Palma 

I.  Palm  aria 

C.  Palmiras 

C.  Palmas 

Panama 

I.  Panaria 

Panorma 

I.  Pantalaria 

Panuco 

R.  Paraiba 

Paris 

C.  PafTero 

C.  Patam 

I.  Patmos 

R.  Pattahan' 

C.  Paul 

I.  St.  Paul 

I.  St.  Paul 

St.  Paul  de  Leon 

I.  Paxeros 

I.  Pearl,  or  Serana 

Pegu 

Pekin 

I.  Pelugofa 

I.  Pemba 

C.  Pembroke 

I.  Pengwin 

Penmark 

R.  Penobfcut 

I.  Pepys,  or  Penguin 

©ernambuco 

Petapoli 

Peterfbourg 

C.  Pefra 

jVverel  Point 

Philadelphia 


Con. 


Eu. 
[Eu. 
Eu. 
Am. 
Eu. 
Eu. 
Af. 


Af. 
Am. 

Eu. 

Eu. 

Af. 

Af. 

Eu. 

Af. 

Af. 
Am. 

Eu. 

Eu. 

Eu. 
Am. 
Am. 

Eu. 

Eu. 

Af. 

Af. 

Af. 

Eu. 
Am. 

Af. 

Eu. 
Am. 
Am. 

Af. 

Af. 

Eu. 

Af. 
Am. 
Am. 

Eu. 
Am. 
Am. 
Am. 

Af. 

Eu. 

Af. 

Eu. 
Am. 


Countries. 


Spain 

Spain 

Italy 

Ter.Firm 

Flanders 

Italy 

Japon 

Congo 
Peru 
Turkey 
Italy 
India 
Canaries 
Italy- 
India 
Guiney 
Mexico 
Italy 
Turkey 
Italy 
Mexico 
Brafil 
France 
I.  Sicily 
Malacca 
Natolia 
[.Sumatra 
Spain 
Newfland 


France 

California 

W.  Indies 

India 

China 

Italy 

Zanguebar 

New  Wis 

Newf  Ind 

France 

New  Eng 

Patagonia 

Brafil 

India 

Ruflia 

Natolia 

England 

Penfilva-n. 


Coaft. 


Medit.  Sea 
B.  Bifcay 
Medit,  Sea 
Carib.  Sea 
Germ.  Oce. 
Medit.  Sea 
South  Sea 


Atl.  Ocean 
South  Sea 
Archipelago 
Medit.  Sea 
B.  Bengal 
Atl.  Ocean 
Medit.  Sea 
B.  Bengal 
Atl.  Ocean 
S.  Ocean 
Medit.  Sea 
Medit.  Sea 
Medit.  Sea 
G.  Mexico 
Atl.  Ocean 
R.  Seine 
Medit.  Sea 
Indian  Oce. 
Archipelago 
Str.  Malaca 
Medit.  Sea 
5.  St.  Lawr. 
nd.  Ocean 
Eng.  Chan. 
Pac.  Ocean 
Atl.  Ocean 
B.  Bengal 
Inland 
Adriat.  Sea 
Ind.  Ocean 
Hudf.  Bay 
Atl.  Ocean 
B.  Bifcay 
Atl.  Ocean 
S.Atl.  Oceai, 
3. Atl.  Ocean 
B.  Bengal 
Bait.  Sea 
Archipelago 
Sng.  Chan. 
R.,  Pe-kwar 


Latitude. 


40  20N 
4407N 
42  19N 
12  03N 
51  14N. 
40  23  N. 
35  10N. 


6  00  S 
5  20  S. 

39  59N< 
38  10N 

13  4.0N 
2835N 

41  00N 

20  4®N. 

4  26N. 
8  45N. 

38  40N. 

40  05N. 
365SN 
24  02N 

21  2b  S. 
48  50N. 
3635N. 

727N. 

37  22N 

o  28N 

37  5oN 

47  i5N 

38  20  S 

48  41N 
30  18N 

14  5SN 

17  00N 

39  54N 

42  20N 

5  38S 
63  12N 

50  03N 

47  5oN 
44  40N 

48-00  S 

8  30  S 

16  14N 

60  00N 

37  02N 

5034N 

40  50N 


Lonp-itud. 


o  49  E 
8  00W 

1437E. 

69  03 W 
3  00  E. 

17  41  E. 
13405E. 


11  40  E. 
80  35W 
24  03  E. 
13  43  E. 

80  50  E. 

17  30W 
13  03  E 
87  35E 

5  56W 
79  55W 
15  41E. 
21  40 E. 

12  31  E. 

100  13W 

39  50W 
2  25  E. 

15  22  E 

101  20E 

26  48  E. 

102  25  E. 

0  15W 
57  49W 

75  25E- 
355W 

120  45  W 

79  00  W 

96  58  E. 

1 16  41  E. 

18  32E 

40  09  E 
82  54W 
50  32W 

4  20W 
68  52W 
64  50W 

35  °7W 

81  10E 
30  25  E. 

27  38  E 

1  22W 
74  00W 


H.Wai 


I2h.  0C1 


strap 
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\ames  of  Places. 


t.  Philip 

.  Pianofa 

.  Pico 

\  Pinas 

lo.  Pintados,   C 

or  St.  Martin  ( 
ifcadore  Ifles 
Jacentia 
..  Plata 

• .  Platewrack 
lymouth 
olicaftro 
.  Polfapate 

Pom  a 
:ndjcherry 
ontorfon 

Ponza 

)0l 

)rta  Port 
>rt  Mahon 
mlandj 
)rt  l'Orient 
>rto  Bello 

f  E-  pt. 
Porto  J  Porto 
Rico  )      Rico 

(.W.pt. 
Porto  fancto 
>rtfall 
>rtfmouth 
aken 
enau 
Princes 
Prior 

Providence 
Providence,  C 
'St.  Catherine^ 
Puli  condor 


CL 


*;aqua,     or 
Ivory  Coaft 
(iebeck 
(ieda 

iQuelpert 
(iloa 
Simper 
( in  am 


Con 


Af. 
Eu. 
Eu. 
Eu. 

Am. 

Af. 
Am. 
Am. 
Am. 
Eu. 
Eu. 
Af. 
Eu. 
Af. 
Eu. 
Eu. 
Eu. 
Eu. 
Eu. 
Eu. 
Eu. 
Am. 

Am. 

Af. 
Eu. 
Eu. 
Af. 
Eu. 
Af. 
Eu. 
Am. 

Am. 

A{. 


Country. 


Af. 

Am. 
Af. 
Af. 
Af. 
Eu. 
Af. 


Benguela 
Italy 
Azores 
Spain 

California 

China 

Newfland 

Magellan 

Bahama  I. 

England 

Italy 

Cambaya 

Dalmatia 

India 

France 

Italy 

England 

Portugal 

Spain 

England 

France 

NewSpain 

Antilles 

Canaries 

France 

England 

Coch.Chi 

Livonia 

Guiney 

pain 
Bahama 

Mexico 

Cambaya 


Coaft. 


Guinea 

Canada 

India 

Korea 

Zangueb. 

France 

Coch.Chi 


\t\.  Ocean 
YIedit.  Sea 
Atl.  Ocean 
3.  Bifcay 

5.  Ocean 

3.   Sea 
Atl.  Ocean 
Atl.  Ocean 
Atl.  Ocean 
Engl.   Chan 
Medit.  Sea 
fnd.  Ocean 
Adriat.  Sea 
B.  Bengal 
Engl.  Chan 
Medit.  Sea 
Engl.  Chan. 
Atl.  Ocean 
Medit.  Sea 
Eng.  Chan. 
Eng.  Chan. 
Carib.   Sea 

Atl.  Ocean 

Atl.  Ocean 
Eng.  Chan. 
Engl.  Chan 
Ind.  Ocean 
Baltic  Sea 
Atl.  Ocean 
Atl.  Ocean 
Atl.  Ocean 

Atl.  Ocean 

Ind.  Ocean 


Latitude. 


Eth.  Sea 

R.  Canada 
B.  Bengal 
S.  Sea 
Ind.  Ocean 
3.  Bifcay 
ind.  O'ean 

G     : 


o     / 
12  22  Si 

42  46N, 

38  35N 

43  5,N' 
27  30N 

23  3oN. 

47  36N, 
36  00  S. 
20  04N 

50  26N. 
40  18N. 
■945N. 

42  57N. 
11  54N. 

48  33N. 
40  53N. 

51  00N. 
40  53N. 

39  45N- 
56  30N. 

47  45N- 
933N. 

18  30N. 

18  25N. 

18  30N. 
33  07N 

48  36N. 
50  49N 
17  15N. 
58  26N. 

I47N. 

43  53N 

24  51N. 

13  26N 
8  34N. 


Longitud 


5  00N. 

46  55N. 

6  15N. 

33  32N- 

9  30  S 

48  coN. 

1 2  c»N. 


13  20  E. 
10  34E. 

26  20W 
6  14W 

1 17  15W 


1 19  25E. 

5 1  46W 

57  40  w 

68  37V/ 

4  27W 

1545E. 

109  55  E. 

18  14E. 

80  17  E 

1   27W 

13  09  E. 

1   50W 

8  35W 

4  19  F- 

2  48VV 

3   18W 

79  45W 

H.  Water. 


65  35W 

66  05W 

67  15W 
1 5  53W 

4  43w 
o  46W 

106  15  E. 

24  58E. 

6  39  E. 

8  22W 
yy  01W 

80  42W 

107  35  E. 


4  00W 

69  48W 
100  12  E. 

128  04  E 

39  09  E. 

4  06W 

100  10  E. 


6h.  00m. 


8     15 


o     00 


00 


Qv.'raba 
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Names  of  Places.' Con. 

Country. 

Coaft. 

Latitude. 

L,ongitud.  H.  Wate 

Quiraba  Ifles 

Af.  Zangueb. 

nd.  Ocean 

o     / 

1 1  ooN. 

0    / 

4«  39E' 

Quito                     Am.  [ 

T> 

'eru 

nland 

o  13  S. 

77  50W 

K 

C.  Race 

Am. 

^ewfland 

Atl.  Ocean 

46  50N. 

50  50W 

Ragufa 

Eu. 

Dalmatia 

VIedit.  Sea 

4245N. 

20  00  E. 

Rajapour 

Af. 

[ndia 

[nd.  Ocean 

17  19N. 

73  5oE- 

Ramfgate 

Eu. 

ingland 

Downs 

51  20N. 

1  22E. 

1 

Ramhead 

Eu. 

England 

Eng.  Chan. 

50  14N. 

4  35w 

1 

G.  Rafalgate 

Af. 

Arabia 

[nd.  Ocean 

22  46N. 

58  48  E. 

Ravenna 

Eu. 

Italy 

Medit.    Sea 

44  26N. 

12  21  E. 

C.  Ray 

Am. 

Newfland  Atl.  Ocean 

47  37N. 

56  50W 

I.  Ree 

Eu. 

France       B.  Bifcay 

46  oSN. 

1  28W 

3I1.  00) 

Regio 

Eu. 

Italy 

Mediterran. 

38  22N. 

1637E. 

Is.   Resolution,  C 
E.  limit          I 

Am. 

N.  Main 

Hudf.  Str. 

61  36N. 

64  38W 

Revel 

Eu. 

Livonia 

Bait.  Sea 

59.22N. 

2533E. 

J  f  Rhodes,    N 
o  \      end 
J  1  C.  Tranquil, 
pd<  (_     S.  end 

36  27N. 

28  36E. 

Af. 

Natolia 

Archipelago 

35  55N- 

28  23  E. 

Riga 

Eu. 

Livonia 

Baltic  Sea 

56  55N. 

24  51  E. 

Rip  raps,  a  fand 

Eu. 

England 

Str.  Dover 

51  53N. 

1  25  E. 

Robin  Hood's  Bay 

Eu. 

England 

Germ.  Oce. 

5425N. 

0  08W 

3    06 

I.  Rocca 

Am. 

Ter.Firm. 

Atl.  Ocean 

11  21N. 

66  17W 

Rochefort 

Eu. 

France 

B.  Bifcay 

46  00N. 

1  00W 

Rochel 

Eu. 

France 

B.  Bifcay 

46  10N. 

1  11W 

3    45 

Rochefter 

Eu. 

England 

R.  Med  way 

51  26N. 

0  30  E. 

0    45 

I.  Rodrigue 

Af. 

Madagaf. 

Jnd.  Ocean 

1945S. 

6345E. 

C.  Romain 

Am. 

Ter.Firm 

Atl.  Ocean 

1 1  40N. 

69  05W 

Rome 

Eu. 

Italy 

Medit.  Sea 

41  54N. 

12  45  E 

1.  Roncadore 

Am. 

Mexico 

Atl.  Ocean 

13  30N. 

78  53W 

Rood  Bay 

Eu. 

Greenlnd 

N.   Ocean 

79  53N. 

14  00  E? 

C.  Roque 

Am. 

Brafil 

Atl.  Ocean 

5  00  S. 

35  43w 

I.  Roquepiz 

Af. 

Madagaf. 

Ind.  Ocean 

9  51  S. 

64  30  E 

G.  Rotes 

Eu. 

Spain 

Medit.    Sea 

42  icN. 

3  18E 

Roftock 

Fu. 

Germany 

Bait.  Sea 

54  10N. 

12  50E 

I.  Rotterdam 
Rotterdam 

Af. 
Eu. 

S.  Sea 
Germ.  Oce. 

20  05  S. 
51  56N 

179  30W 
455E 

Dutchlnd 

3     0© 

Rouen 

Eu. 

France 

R   Seine 

49  27N 

1  10E 

3    45 

C.  Roxant 

Eu. 

Portugal 

Atl.  Ocean 

3842N 

9  35w 

C.  Roxo 

Af. 

Negro!  nd 

Atl.  Ocean 

.    u  42N. 

14  33W 

Po.  Royal 

Am. 

I.  jarwaicE 

Carib.  Sea 

17  40N. 

-    7$  ^zW 

C.  Rozier 

Am. 

Nov.  Scot 

G.  St.  Laur 

49  00N 

61  40  W 

1.  Rugen 
I.   Rum   key,    ( 
or  Samana    \ 

Eu. 

Germany 

Bait.  Sea 

54  32N. 

1430E 

Am. 

Bahama 

Atl.  Ocean 

Z3  00N. 

74  20W 

R.  Rupert 

Am 

New  Brit 

Hudf.  Bay 

5'  4?N. 

78  40 w 

C.  Rufato 

Al 

1  iJarca 

Medit.  Sea 

32  53N. 

20  41  E 
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Barnes  of  Places. 


tuft  Iflej 
Xyc 


1.  Sable 

.  Sable 

affia 

.  Safanjal  bahr. 

j.  Saldanna 

.  Sal 

alerno 

Salini,  Lipari  Is. 

.  Salisbury 

allee 

alomon  Ifles 

alonechi 
Salvages 
Samos 
andwich 
Sanguin 
Sanien 
anta  Cruz 
•N.  limit 
lS.pt.  C.Ta 

volaro 
'Cagliari 
.Oriftagni 
arena 
:anderoon 
carborough  head 
Scarpanto 
:a\v 
Schelling 
^C.  St.   Ni- 
cholas 
Scio 

.C.  Blanco 
:illy  Ifles 
:ots  Settlement 
Sea 
eames 
Sebaldes 
.  Sebaftian 
.  St.  Sebaftian 
:.  Sebaftian 
3.  Segura 
.  Senegal 
Seranilha 
Seriga 


be! 

{! 


Con 


Eu. 

Eu. 


Am. 
Am. 

Af. 

Af. 

Af. 

Af. 

Eu. 

Eu. 
Am. 

Af. 

Af. 

Eu. 
Af. 
Af. 
Eu. 
Af. 
Eu. 
Af. 


Eu. 


Am. 
Af. 
Eu. 
Af. 
Eu. 
Eu. 

Af. 

Eu. 

Am. 

Eu. 

Eu. 
Am. 
Am. 

Af. 

Eu. 
Am. 

Af. 
Am. 

Eu. 


Country. 


Coaft. 


Norway 
England 


Nov. Scot. 

Nov.Scot 

Barbary 

Egypt 

Caffers 

C.  Verde 

Italy 

Italy 

N.  Main 

Barbary 


Turkey 

Canaries 

Natolia 

England 

Philip.  Is 

Norway 

Barbary 


Italy 


Chili 

Syria 

England 

Natolia 

Denmark 

Dutchlnd. 

Natolia 

England 

Ter.  Fir. 

Turkey 

France 

Patagonia 

j  California 

IMadagaf 

tSpain 

JBrafil 

iNegrblnd 

jW.  Indies 

[Turkey 


N.  Sea 
Eng.  Chan. 


Atl.  Ocean 
Atl.  Ocean 
Atl.  Ocean 
Red  Sea 
Atl.  Ocean 
Atl.  Ocean 
Medit.   Sea 
Medit.  Sea 
Hudi".  Bay 
Atl.  Ocean 

S.  Sea 

Archipelago 
N.  Atl.  Oce 
Archipelago 
Downs 
Sea 
N.  Ocean 
Atl.  Ocean 


Medit.  Sea 


South  Sea 
Levant 
Germ. Ocean 
Archipelago 
Sound 
Germ.  Oce. 

Archipelago 

St.  Geo.  Ch 
Carib.  Sea 
Archipelago 
B.  Bifcay 
S.Atl.  Ocean 
South  Sea 
Ind.  Ocean 
B.  Bifcay 
Atl.  Ocean 
Atl.  Ocean 
Atl.  Ocean 
Archipelago 
G  e  ; 


Latitude. 


67  40N. 
51  03N. 


43  56N. 
4+  15N. 
32  30N. 
27  05N 

32  35  s 

16  ;5N 

40  39N 

3839N 
63  35N 

33  58N 
5  50  S. 

11  1 5  S 

40  41N 
30  14N 

37  46N 
51  20N 

3  50N. 
69  30N 
30  30N 

41  15N 

38  54N. 

39  25N 
39  53N 
29  40  S 
36  35N 
54  18N 

35  45N 
57  34N 
53  27N 

38  38N 

38  24N 
38  08N 
50  00N 
845N 
3738N 
48  00N 

5°  53  S 
43  00N 

12  30  S 
43  16N 
1657S 

15  40N 

16  20N 

36  09N 


Longitud. 


10  25  E. 

045E. 


66  25W 

59  00 w 

8  50  W 

34  40  E. 

19  30 E. 

21  41 W 

14  48  E. 

15  24  E. 

77  00W 

6  zcW 

171  05 W 

178  35w 

23  13E. 

14  59W 

27  13  E. 

1  20E 

122  30  E. 

H3oE- 

9  35W' 

9  3lE- 

9  J5E 

938E 

9  01  E 

71  15W 

36  25  E 

00  00  E, 
27  40  E 
10  54E 

5  30  E 

26  12  E. 

26  29  E. 
26  20  E 

6  45W 
76  35W 

24  53E 
4  $iW 

59  35w 

1  26  00W 

49  »3E 
2  05 W 

39  45w 
16  20  W 

79  40W 

23  24  E. 


H.  Water. 


lih.  151TK 


45 


3    45 


10    30 
I.  Sertes 
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< 


C 


I.  Sertes 

R.  Seftos 

Seven  Capes 

Seven  Stones 

R.  Severn,   Ent 

R.  Seyn,  Ent. 

Seyn  Head 

Sheerneis 

Siam 

R.  Siam,  Ent. 

Siara 

r  E.  end,  Meifina 
j  Catanea 
x  J  Syracuse 
end, 
Paffaro 
Alicata 
W.  end, 
Boeo 
^.Palermo 
Sierro  I.eona 
SiHabsr  Road 
Str.  Sincapore 
R.    Sinda,     or  j 
Indus,  mouth  "£ 
Po.  Shabal 
Shark,  or  Sea-  C 
horfe  pt.        1 
Sheilds 

Shelvock'g  Ifie 
S  hillocks 
I.    Shetland,     j 
limits  I 

Shoram 

5  N-  pt- 

(  S:  pt. 

Sleepers  Ifles 

Sline  Head 
R.  Slude 
Sluyce 
Smyrna 
I.-Socatora 
C.  Solomon 
R   Somme 
Sound  royal 
Southampton 
C.  Southampton 
South  Cape 
C  Spartivento 
C-  Spanel 


I.  Sky 


Af. 
Af. 
Af. 
Eu. 
Bu 
Eu. 
En. 
Eu. 
Af. 
Af. 
Am. 


Eu. 


Af 
Ai\ 
Af. 

Af 

Af. 

Am. 

Eu. 
*Am. 
Eu. 

Eu. 

Eu. 

Eu. 

Am. 

Eu. 
Am. 

Eu. 

Af 

Af. 

Eu. 

Eu. 

Eu. 

Eu. 
Am. 

Af. 

Eu. 

Af. 


Country. 


Canaries 

Guinea 

Barbary 

England 

England 

France 

France 

England 

India 

India 

Brafil 


Italy 


Guiney 
I.  Sumatra 
Malaca' 

India 

Abyffinia 

New  Wis 

England 

California 

Ireland 

Scotland 

England 

Scotland 

New  Brit 

Ireland 

New  Brit 

Dutchlnd. 

Natolia 

Anian 

I.  Candia 

Fiance 

Iceland 

England 

New  Wis 

Diemen'klnd 

Italy 

Sarbary 


Coaft. 


Latitude.    Longitud, 


Atl.  Ocean 
Atl.  Ocean 
Med.  Sea 
St.  Geo.  Ch. 
St.  Geo.  Ch 
Engl.  Chan 
Eng.  Chan. 
R.  Thames 
B.  Siam 
B.  Siam 
Atl.  Ocean 


Medit.  Sea 


Atl.  Ocean 
Ind.  Ocean 
Ind.  Ocean 

Ind.  Ocean 

Red  Sea 

Hudf.  Bay 

Germ.  Oce. 
South  Sea 
Weft.  Ocean 

Weft.  Ocean 

Eng.  Chan. 

W.  Ocean 

Hodf.  Bay 

W.  Ocean 
Hud.  Bay 
Germ.  Oce. 
Archipelago 
Ind.  Ocean 
Medit.  Sea 
Eng.  Chan. 
N.  Ocean, 
Eng.  Chan. 
Hudf.  Bay 
S.  Ocean 
Medit.  Sea 
Atl.  Ocean . 


33  35N. 
5  48N. 

37  3°N- 

50  10N. 

51  41N 
49  36N. 

49  44N- 
51  25N. 
14  18N. 
i3,5N 

3  18  S. 

38  10N 
37  22N. 
3704N 

3635N 

37  llN 

37  5«N 

38  10N 
8  30N 

4  00  S 
1  00N 

■  24  30N 
■25  45N 

18  58N 

64  05N 

55  02N 
23  15N 
51  30N 

■  60  47N 

■  59  54N 

50  5SN 

■  57  5oN 
■57  15N 

■  60  00N 
•5835N 

53  20N 

53  24N 

51  19N 
38  28N 
12  15N 

34  57N 
50  18N 
66  Z2N 
50  55 N 
6t  54N 
42  40  S 

3  7  5oN 

35  42N 


16 
8 
6 
6 

3 
o 

o 
00 

ICO 


20W 
I3W 
I5W 
40W 
05W 

30  E 
34  E 
50  E. 
55  E 


100  47  E. 
30  50W 
1558E. 
15  .21  E. 
15  31E 

15  22E. 

14  07  E 

12  43E 

13  43  E. 
1 2  07W 

102  50  E. 

104  30E. 
63  10  E 
62  40  E. 
38  24  E. 

82  12W 

1  20W 

117  35W 

11  55W 

0  10W 

1  31W 
00  17E. 

6  30W 
6  16W 

81   30W 

1 1  15W 

78  50W 

3  5°E 

27  25  E 

52  55  E 

27  06  E, 

1  40  E. 

15  15W 
1    30W 

86  14W 

130  05  E 

1641  E. 

5  47w 


H.Wai 
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:.  Spigie 
.  Spirito  fantto 
Ipurn 

! .  Stampalia 
.  Stancho 
tart  pt. 

f  CapeSt 

States  J      John 
'btates1  CapeSt. 

(.Barthol. 
tavenger 
cetin 

:.  Stiilo 

ort  Steven 
tockholm 
tockton 
rraelfund 
:ranford  Bay 

Stromboli 
xez  Town 
ikadana 

Su  C  NW.end 
natra|  SE.  end 
inderland 
r.  Sunda 
iranam 
irat 

Surroy 
vaken 
vally  Road 
vanfey 
veetnofe 
vin,  a  fand 
rracufe 


'idoufac  Fort 
■  Tamarica 
imarin  Town 
i  TanafTarin 
JTandoxima 
'tngier 
'irento 

)  Tees,  mouth 
'•goantepec 
':llichery 
1  Telling 
•iTenedos 
J  Teneriff 


Con. 


Af. 
Am. 
Eu. 
Af. 
Af. 
Eu. 

Am. 

Eu. 
Eu. 
Eu. 
Am. 
Eu. 
Eu. 
Eu. 
Eu. 
Eu. 
Af. 
Af. 

Af. 

Eu. 
Af. 
Am. 
Af. 
Eu. 
Af. 
Af. 
Eu. 
Eu. 
Eu. 
Eu. 
Af. 


Country. 


Am. 
Am. 
Af. 
Af. 
Af. 
Af. 
Eu. 
Eu. 
Am. 
Af. 
Eu. 
Af. 
Af. 


NewZeld 

Brafil 

England 

Natolia 

Natolia 

England 

Patagonia 

Norway 

Germany 

Italy 

Chili 

Sweden 

England 

Germany 

Ireland 

Italy 

Egypt 

[•  Borneo 

India 

England 

Siam 

Ter.Firm. 

India 

Lapland 

Abaffin 

India 

Wales 

Lapland 

England 

I.  Scilly 

Pegu 


Coaft. 


Canada 

Brafil 

I.  Sokotra 

Malacca 

Japan 

Barbary 

Italy 

England 

Mexico 

India 

Ireland 

Natolia 


S.  Ocean 
Atl  Ocean 
Germ.  Oce. 
Archipelago 
Archipelago 
Engl.  Chan. 

Atl.  Ocean 

VV.  Ocean 
Bait.  Sea 
Medit.  Sea 
South  Sea 
Baltic  Sea 
Germ. Ocean 
Bait.  Sea 
Irifh  Sea 
'Medit.  Sea 
Red  Sea 
Ind.  Ocean 

Ind.  Ocean 

Germ.  Oce. 
Ind.  Ocean 
Atl.  Ocean 
Ind.  Ocean 
N.  Ocean 
Red  Sea 
Arab.  Sea 
St.  Geo.  Ch. 
N.  Ocean 
Ent.  Thames 
Medit.  Sea 
B.  Bengal 


Latitude. 


R.  Canada 
Atl.  Ocean 
Ind.  Ocean 
B.  Bengal 
S.  Sea 
Atl.  Ocean 
Medit.  Sea 
Germ.  Oce. 
South  Sea 
Mallab.  coaft 
W.  Ocean 
Archipelago 
At!.  Ocean 


41  45  S 
20  24  s 

53  35N 
36  25N 

36  50N 

50  09N 

I  54  45  S. 


Longitud. 


[5508S. 

58  47N. 

53  36N. 
38  23N. 
46  50  S. 

59  20N. 

54  33N. 
54  23N. 
54  23N. 
3842N 
29  50N 

1  00  S 
5  15N 

5  07  S. 

54  55^ 

6  10  S 

6  30N 
21  10N 
71  00N. 
19  30N. 
21  55N 
51  40N. 
68  08N. 
51  37N 
37  04N. 
16  00N. 


48  00N. 
7  56  S 
12  30N. 
12  00N. 
30  30N, 

35  55N. 
40  43N. 
54  36N. 
1445N. 
1 1  42N. 
54  40N. 
39  5/N. 
28  23 N  j 


H.  Water. 


162  50  E. 

39  55w 

0  30  E. 

26  55  E 

27  30  E 
2  45W 

60  35W 

60  45V/ 

645E. 
15  25  E. 
17  07  E. 
82  36W 
19  3°  E. 

1  15W 

14  10  E 
5  40W 

i548E 

33  27  E 

no  40 E 

95  55  E. 

106  20 E. 

i  coW 

105  35  E. 

55  3oW 
72  25E. 
22  00  E. 

37  33  E 
72  00  E. 

4  25W 
3442E. 

1  12  E. 

15  20  E. 
96  40  E. 


6y  35W 
35  05W 


5h.  15m. 
6    45 


12     00 


53  14E. 

9 

00 

98  40 E. 

130  40  E. 

545W 

17  31E. 

0  52W 

3 

00 

96  23 W 

75  3oE 

10  07 w 

26  14  E 

15  28  V* 

% 

00 

i 

Tenes 

23° 
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C.  Tenes 

I.  Tercera 

Tervere 

Tetuan 

I.  Texel 

C.  St.  Thada?us  - 

R  Thames,  moutl: 

C.  St.  Thomas 

.  I.  St.  Thomas 

St.  Thomas 

C.  Three  Points 

C.  Three  Points 

I.  Tidore 

.  ,-p.        5  NE.pt 
I.Timor  |sw£t 

Tinmouth 
J.  Tino 
I.  Tobago 

B.  Todos  fan&os 
Tonquin 
Tonfberg 
Topfham 
Torbay 
Tornea 

R.  Tortofa 
I.  Tortuga 
I.  Tory 
Toulon 

C.  Trefalgar 
I.  Tremiti 

C  deTres  forcas 
I.  Trialles 
I.  Trinity 
JL  Trinidada,    I 

E.  pt.  1 

Trinity    Bay,     \ 

Ent.  X 

Trieft 

Trinquemali 
Tripoli 
Tripoly 
G.  Trifle 
I.Triftiand'A-j 

cunha  / 

Is.  Tromfound 
Truxilla 
Tunder 
Tunis 
Turin 
■l.  Turks 


Con.  Country. 


Af. 
Eu. 
Eu. 
Af. 
Eu. 
Af. 
Eu. 
Af. 
Af. 
Af. 
Am. 
Af. 
Af. 

Af. 

Eu. 

Eu. 
Am. 
Am. 

Af. 

Eu. 

Eu. 

Eu. 

Eu. 

Eu. 
Am. 

Eu. 

Eu. 

Eu. 

Eu. 

Af. 

Af. 
Am. 

Am. 

Am. 

Eu. 

Af. 
Af. 
Af. 

Am. 

Af. 

Eu. 
Am. 
Eu. 
Af. 
Eu. 
Am. 


Barbary 

Azores 

Dutchlnd. 

Barbary 

Dutchlnd. 

Siberia 

England 

Caffres 

Guinea 

India 

Ter.Firm. 

Guinea 

Maluc.  Is. 

Maluc.  Is 

England 

Turkey 

Caribbc 

Brafil 

India 

Norway 

England 

England 

Sweden 

Spain 

Ter.Firm 

Ireland 

France 

Spain 

Italy 

Barbary 

India 

Brafil 

Ter.Firm. 

Newf  Ind 

Carniola 
I.  Ceylon 
Syria 
Barbary 
Terra  Fir 

Caffres 

Lapland 

Peru 

Denmark 

Barbary 

Italy 

Bahama 


Coaft. 


Medit.  Sea 
Atl.  Ocean 
Germ.  Oce. 
Medit.  Sea 
Germ.  Oce. 
N-  Ocean 
Germ.  Oce. 
Atl.  Ocean. 
Atl.  Ocean 
B.  Bengal 
Atl.  Ocean 
Atl.  Ocean 
Ind.  Ocean 

Ind.  Ocean 

Germ.  Oce. 

Archipelago 
Atl.  Ocean 
Atl.  Ocean 
South  Sea 
Sound 

Engl.  Chan. 
Eng.  Chan. 
G.  Bothnia 
Medit.  Sea 
Atl.  Ocean 
W.  Ocean 
Medit.  Sea 
Atl.  Ocean 
Medit.  Sea 
Medit.  Sea 
Ind.  Ocean 
Atl.  Ocean 

Atl.  Ocean 

Atl.  Ocean 

Adriat.  Sea 
Indian  Oce. 
Levant 
Medit.  Sea 
Atl.  Ocean 

S.  Atl.  Ocean 

N.  Ocean 
South  Sea 
W.  Ocean 
Medit.  Sea 
R.  Po 
Atl.  Ocean 


Latitude. 


Longitud. 


36  26N. 

39  00N. 
51  38N. 

35  27N. 
53  i°N. 
62  10N. 
51  28N. 
24  54  S. 
CO  00 
13  00N. 
10  51N. 

4  48N. 
o  35N. 
8  20  S. 

10  10  S. 
55  03N. 

37  33N. 

11  15N. 

13  05  s. 

20  50N. 
58.  50N. 
50  37N. 
50  34N. 
65  51N. 

40  47N. 
1 1  00N. 
55  09N. 
47  07N. 

36  c6N. 
42  09N. 

35  3oN. 

19  30  S. 

20  25  S, 

10  38N, 

45  55N. 

45  51N 
8  50N. 

34  53N. 
32  54N. 
10  19N, 

37  IzS 
70  20N, 

8  00  S 

55  00N, 

36  47N. 

44  5oN 

21  45R 


H.Wat, 


»    / 

1  53E 

24  52VV 

3  35  E- 

4  50W 

459E 
175  05  E. 

1  10E 
i525E 

1  00  E. 
80  00  E 
62  41W 

1  21W 

126  40E. 

127  40  E. 

**3  55E 
1  17W 

25  43  E 

60  27W 

38  45w 
*°5  55  E. 

io  05  E 
3  27W 
3  38W 

23  io  E. 

1  03  E. 
64  23W 

8   30W 

6  02  E. 

5  38W 

15  40  E. 

2  11W 
101  25  E 

23  35W 

60  27W 

50  20W 

1403E. 
83  24E 
36  07  E. 
13  10E 
67  41W 

13  23W 
19  00  E. 
78  35w 

10  16E. 

745w 
70  30W 
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ames  of  Places. 

?on. 
Eu. 

Country. 

Coaft. 

Latitude. 
8     1 

39  3oN- 

Longitud. 

H.  Water. 

V 
alencia 

Spain 

Medit.  Sea 

0    / 

0  40  W 

.  Valery 

Eu. 

France 

Eng.  Chan. 

50  10N. 

0  56  E. 

ioh.  30m. 

ilona 

Eu.  Turkey 

Med.  Sea 

4055N, 

21  15E. 

ilparais 

Am. 

Chili 

S.  Ocean 

33  00  S. 

72  14W 

annes 

Eu. 

France 

B.  Bifcay 

47  39N. 

2  41W 

0     15 

Vela 

Am. 

Ter.Firm. 
Italy 

Atl.  Ocean 

12  15N. 

71  20W 

:nice 

Eu. 

Medit.  Sea 

45  25N. 

12  10E. 

:ra  Cruz 

Am. 

NewSpain 

G.  Mexico 

19  00N. 

97  53w 

Verd 

Af. 

Negrolnd. 

Atl.  Ocean 

1443N. 

17  05W 

Verkins 

Af. 

Siam 

Ind.  Ocean 

2  22N. 

9648E. 

una 

Eu. 

Sweden 

G.  Bothnia 

63  45N. 

21  10E. 

cegapatam 

Af.  India 

B.  Bengal 

17  30N. 

84  02  E. 

Viclory 

Am. 

Patagonia 

S.  Ocean 

52  05  S. 

72  50W 

enna 

Eu. 

Germany 

R.  Danube 

48  13N. 

16  28E. 

'g° 

Eu. 

Spain 

Atl.  Ocean 

42  coN. 

835W 

.'  St.  Vincent 

Am.  jParaguay 

Atl.  Ocean 

23  55  s- 

45  11W 

<  St.  Vincent 

Eu.  jPortugal 

Atl.  Ocean 

3641N. 

8  42W 

I  St.  Vincent 

Af.  C.Verd 

Atl.  Ocean 

17  17N. 

23  44W 

]  St.  Vincent 

Am.  Caribbe 

Atl.  Ocean 

1305N. 

61   05W 

]  St.  Vincent 

Af.  Guinea 

Eth.  Ocean 

4  30N. 

7  4rW 

<  Virgin  Mary 

Am.  'Patagonia 

Atl.  Ocean 

52  it;  S. 

64  20W 

]  Virgins 

Am.  lAntil.  Is. 

Atl.  Ocean 

18  28N. 

64  41W 

«'Volo 

Eu.  [Turkey 

Archipelago 

39  07N. 

23  23  E. 

]  Voltas 

Af.  [Guinea 

Atl.  Ocean 

5  52N. 

1  10E. 

( Voltas 

Af  Caffres 

Atl.  Oce. 

28  04  S. 

16  18E. 

l.fal 

Eu.  Sweden 

R.  Sala 

5952N. 

17  50E. 

laniberg 

Eu.  [Denmark 

Bait.  Sea 

55  54N. 

12  58E. 

lUihant 

Eu.  (France 

Eng.  Chan. 

48  30N 

455W 

6     00 

lUftica 

Eu.  Iltaly 

Medit.  Sea 

•    38  43N- 

'3  33  E- 

l^ulcano 
W 

Eu. 

Italy 

Medk.  Sea 

38  29N. 

I5  33E. 

I  Wager 

Am. 

New   Wales 

Hudf.  Bay 

61  05N. 

8937W 

CWalfingham 

Am.  New  Brit. 

Hudf.  Str. 

62  42N. 

78  00 W 

Vrdhus 

Eu. 

Lapland 

N.  Ocean 

70  35N. 

32  45 E. 

Vrfaw 

Eu. 

Poland 

R.Viftula 

52  14N. 

21  10E. 

V.terford 

Eu. 

Ireland 

St.  Geo.  Ch. 

52  07N. 

7  52W 

4     3° 

V  tling  Ifle 

Am. 

Bahama 

Atl.  Ocean 

23  42N. 

74  22W 

VUs 

Eu. 

[England 

Germ.  Oce. 

53  07N. 

1  00E. 

6    00 

Vftern  Mes 

Af.   Diemen'slnc 

S.  Ocean 

42  50  S. 

1-38  40  E. 

Vftcrn  J  S.  pt. 
lies     I  N.  pt. 

Eu. 

Scotland 

W.  Ocean 

,5646N. 
1*8  35N. 

7  40  W 
6  37W 

IsWeftmania 

Eu. 

Iceland 

W.    Ocean 

63  55N. 

25  3o"W 

I.Veftrol 

Eu. 

Lapland 

N.  Ocean 

69  15N. 

2A  CO  E. 

Oxford 

Eu. 

Ireland 

St.  Geo.  Ch 

52  13N. 

7  16V 

^Vmouth 

Eu. 

England 

Eng.  Chan. 

50  40N; 

2  34W 

6    00 

bale's  Back 

Eu. 

Iceland 

W.  Ocean 

63  44N. 

17  05  V. 

bale's  Head 

Eu. 

Greenlnd 

N.  Ocean 

7-7  18N 

21  3  0  F 

^ale  Rock 

Eu. 

Azores 

\tl.  Oce. 

39  49N 

2  2    35V 

%:by 

Eu. 

England 

Germ.  Oce. 

1  54  3°n; 

.  050V 

3     00 
White- 

%32 
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Whitehaven 
Wicklow 
Wind  aw 

end 
end 
end 
end 

Is.  Prince  William 
Winchelfea 
Wintertonefs 
Wifbuy  in  I.  $ 
Gotland  | 
C.  Wrath,  or( 
Faro  head  \ 
Wybourg 


Yamboa 
Yarmouth 
•Yas  de  Amber 
Yellow  River 
Ylo 

York  Fort 
York  new 
You  shall 


Zacatula 
I;  Zant 
J.  Zanzebar 
Zaro 

NW.  pt. 


Con. 


Countries. 


55  n  L  c-  s&zK 

Zenan  city 
Z  crick  Sea 


Eu. 
Eu. 
Eu. 

Eu. 

Af. 
Eu. 
Eu. 

Eu. 

Eu. 
Eu, 


Af. 

Eu. 

Af. 

Af. 
Am. 
Am. 
Am. 

Eu. 


Am. 
Eu. 
Af. 
Eu. 

Af. 

Af. 

Eu. 


England 

Ireland 

Courland 

England 


Coaft. 


Latitude. 


England 
England 

Sweden 

Scotland 
Finland 


Arabia 
England 
Zangueb. 
China 
Peru 

New  Wis 
New  Eng 
Ireland 


Mexico 
Italy 
Zangueb. 
Dalmatia 


Irifh  Sea 
St.  Geo.  Ch, 
Bait.  Sea 

EngL  Chan 

Si  Sea 
Engl.  Chan 
Germ.  Oce. 

Bait.  Sea 

W.  Ocean 
G.  Finland 


Red  Sea 
Germ.  Oce. 
fnd.  Ocean 
S.  Sea 
South  Sea 
Hudf.  Bay 
Atl.  Ocean 
St.  Geo.  Ch 


South  Sea 
Adriat.  Sea 
fnd.  Ocean 
Mediter.  Sea 

|S.  Ocean 


Arabia      ]  Inland 
Dutchlnd.lGerm.  Oce. 


Longitud. 


54  25N. 

52  50N 
57  08N. 
50  47N. 
50  34N. 
50  41N. 
50  41N. 
16  45  S. 
50  58N, 

53  02N 

57  40N, 

5844N 
60  55N 


24  25N 
52  55N 
o  00N 
34  06N. 
17  36  S. 
56  55N. 
4iro5N. 
5 1  46N. 


17  10N 

37  5°N 

65SS 

44  15N 

■34  20  S 

-41  4c;  S 

16  20N 


3 
6 

22 
1 
1 
1 
1 

177 
o 
1 


H.Wat. 


/5W 
30W 
20  E 
25W 
25W 
09W 
46W 
5SE. 
50E. 
2  2  E: 


19  50E 
4  50W 

30  20  E. 


38  54E. 

1  40  E. 

■4715E. 

120  10E. 
71  08W 
94  05 W 

74i5w 
7  46W 


105  00W 
21  30E. 

40  10  E. 
.655E. 

165  40  E. 

162  50E 
47  44  E- 


Befide  the  times  of  high  water  in  the  preceding  Table,  the  followi,* 
ones  lerve  for  coafts  of  confiderable  extent,  and  will  nearly  ferve  for  1 
places  on  thofe  coafts. 

Finmark,  orNNW.  coaft  of  Lapland,  1  h.  30m.     Jutland  Iflesoh.O 

Friefland  coaft  7  h.  30  m.     Zeland  coaft  I  h.  30  rri. 

Flanders  coaft  oh.  00m.     Picardy  and  Normandy  ccafts  10 h.  3011 

Biicay,  Gallician  and  Portugal  coafts  311.  00m. 

Lilli  \V.  coaft  3h.  00  m.     Irifh  S.  coaft  5  b.  15  m, 
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BOOK 

OF      PLANE     SAILING. 


SECTION     I. 

Definitions  and  'Principles. 

G'.TVTAVIGATION  is  the  art  of  conducing, a  fhip  from  one  port 
XN    to  another. 

Phis  art  may  be  divided  into  two  parts ;  namely,  Mechanical  and 
llsoretical. 

I/Iechanical,  or  working  Navigation,  comprehends  the  art 
of  working  a  fhip ;  that  is,  of  caufing  it  to  obferve  fuch  motions  and 
Jiclions  as  are  affigned  by  the  Navigator. 

^his  art  muft  be  learned  on  fhipboard,  and  in  the  practice  of  failing. 

"heoretical   Navigation,    or   the   art   of  Piloting,    concerns 

i  methods  whereby  the  Navigator,  or  Pilot,  difcovers  in  what  tract 
th'fhip  muft  fteer,  fo  as  to  arrive  fafely  at  the  intended  port, 
nhe  art  of  Piloting  is  either  common  or  proper. 

ommon  Piloting  is  that  knowledge  which  teaches  how  to  coaft 
al<g  more,  or  to  fail  within  fight  of  land. 

roper  Piloting  is  the  art  of  failing  to  diftant  places  through  the 
Q«an,  and  out  of  fight  of  land. 

he  art  of  proper  piloting  (which  partly  includes  that  of  common  pi- 
fjg)  ch-.efly  depends  on  a  right  application  of  the  principles  contained 
«i  lie  preceding  books. 

II  h  661 


h 


234 


PLANE    SAILING. 


66 1.  The  navigating  or  conducting  a  fhip  thro'  the  Ocean  to  dift 
countries,  depends  on  the  Navigator's  being  beforehand  furnifhed  v« 
the  following  elements.  ^ 

ift.  A  Table  of  the  latitudes  and  longitudes  of  the  moft  remarka 
parts  of  the  Sea  coafts,  Iflands,  Rocks,  Shoals,  &c.  in  the  frequen 
parts  of  the  world. 

2d.  Maps  or  Charts  of  the  Seas  and  Lands ;  together  with  the  dep 
of  water,  and  the  times  and  fetting  of  the  tides  upon  the  coafts  he  n 
have  occafion  to  approach  near. 

3d.  The  ufe  and  application  of  feveral  Inftruments  necefTary  to  pc 
out  the  way  the  fhip  is  to  fleer,  to  meafure  the  rate  fhe  runs  at, 
to  find  the  place  fhe  is  in  at  any  time. 

4th.  A  fufficient  flock  of  Mathematical  learning  to  enable  him  rigr.) 
to  ufe  the  obfervations  that  may  be  deduced  from  the  preceding  t> 
ments. 


The  latitudes  and  longitudes  of  places  cannot  be  otherwife  obtain 
than  from  proper  obfervations  made  by  perfons  who  have  been  in  th 
places  :  confequently,  the  collecting  a  fufficient  number  of  thefe  muft 
the  work  of  many  ages.  And  hence  arifes  the  great  uncertainty  of 
pofitions  of  many  places,  and  even  of  the  little  knowledge  we  havef 
many  parts  on  the  furface  of  the  Terraqueous  globe.  See  Table, 
art.  659. 

662.  The  Maps  of  Countries,  and  the  Charts  of  the  Ocean  and  tl 
boundaries,  are  made  chiefly  from  the  catalogue  of  the  latitudes  and  1< 
gitudes  of  places  :  But  where  thefe  are  partly  wanting,  and  a  good  c 
leclion  of  the  pofitions  and  diflances  of  places  can  be  obtained,  th 
places  may  be  inferted  in  the  map  as  truly  as  the  others  whofe  latituj 
and  longitudes  are  known. 

The  moft  natural  way  of  delineating  the  furface  of  the  earth,  is 
do  it  on  a  fphere ;  for  then  every  place  on  the  Globe,  laid  down  by 
latitude  and  longitude,  will  have  the  fame  pofition  with  refpecl:  to  ot. 
places,  as  they  really  have  on  the  furface  of  the  earth.  But  as  a  Gl»| 
is  a  bulky  thing,  and  not  fo  eafily  managed  or  worked  on  as  a  plane 
therefore  has  the  reprefentation  of  the  furface  of  the  earth  been  m; 
on  planes,  and  thefe  are  called  Maps  or  Charts. 

In  the  constructing  of  Maps  and  Charts,  great  care  mould  be  tak 
that  the  feveral  parts  in  them  preferve  their  pofition  one  to  the  other 
the  fame  order  as  they  do  on  the  Earth;  and  'tis  likely,  that  the  find 
out  of  proper  methods  to  do  this,  gave  rife  to  the  feveral  methods 
projection. 

663.  There  are  many   ways  of  conftru&ing  Maps  and  Charts  ; 
they  chiefly  depend  on  two  principles. 

Fin 
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Fir  ft  y  From  confidering  the  earth  as  a  large  extended  flat  furface  :  The 
Charts  made  on  this  fuppofition,  are  ufually  called  Plane  Charts. 

Secondly,  From  confidering  the  earth  as  a  fphere :  The  Charts  made  on 
bis  principle  are  fometimes  called  Globular  Charts,  or  Merca- 
ors  Charts,  or  Reduced  Charts,  or  Projected  Charts. 

Plane  Charts,  when  made  for  any  large  extent  of  feveral  degrees  in 
igh  latitudes,  are  very  erroneous  ;  for  in  them  the  difference  of  longi- 
1  xde  between  any  two  Meridians,  taken  at  the  Equator,  is  ufed  as  the 
iftance  of  thofe  meridians  in  all  latitudes;  and  confequently  the  dif- 
mces  of  places  in  high  latitudes  will  be  too  great,  and  thereby  their 
PC  pofitions  will  not  be  preferved:  But  Charts  made  for  a  fmall  part,  as 

degree  or  two  in  length  and  breadth,  may  be  reckoned  as  tojlerably 
,cacl:,  efpecially  if  thofe  places  be  within  the  Torrid  Zone ;  nay,  a  Plane 
;hart  made  for  all  this  Zone  will  differ  but  littler  rom  the  truth. 


SECTION    II. 

54.        I'be  confer  uolion  and  ufe  of  the  Plane  Chart. 

Construction. 

iff.  Having  determined  the  limits  of  the  Chart,  that  is,  how  many 
igrees  of  latitude  and  longitude,  or  meridional  diftance,  (they  being  in 
is  Chart  the  fame)  it  is,  to  contain  :  Suppofe  from  the  lat.  of  20°N. 
t  the  lat.  of  7ieN;  and  from  the  longitude  of  London  in  o  deg.  to 
k  Ion.  of  500  W.  ;  then  fix  on  fome  fcale  of  equal  parts,  fuch  where- 
1  the  chart  may  be  contained  within  the  fize  of  the  meet  it  is  intended 
t  be  drawn  on.  In  the  chart  annexed,  fee  Plate  II.  the  fcale  is  fuch, 
tit  each  degree  of  latitude  and  longitude  is  |th  part  of  an  inch. 

2d.  Make  a  parallelogram  (160)  abcd,  whofe  length  ab  from  north 
tjfouth  fhall  contain  51  degrees,  the  difference  of  latitude  between  the 
Kits  of  20*  and  71* ;  and  the  breadth  ad  from  eaft  to  weft  fhall  con-* 
hi  the  propofed  50  degrees  of  longitude,  the  degrees  being  taken  from 
I  faid  fcale  of  8  degrees  to  an  inch ;  and  this  parallelogram  will  be  the 
brndaries  of  the  chart. 

$d.  About  the  boundaries  of  the  chart,  make  (172)  fcales  containing 
tl  degrees,  halves  and  quarters  of  degrees  (if  the  fcale  is  large  enough)  ; 
dwing  lines  acrofs  the  chart  thro'  every  5  or  10  degrees;  and  the 
let  is  then  fitted  to  receive  the  places  intended  to  be  delineated 
tlireon. 

-th.  On  a  ftrait  flip  of  paftboard,  or  ftiff  paper,  let  the  fcale  of  the 
agrees  and  parts  of  degrees  of  longitude  in  the  line  ad,  belaid  clofe 
tcthe  edge ;  and  the  divifions  numbered  from  the  right  hand  towards 
th;  left,  being  all  weft  longitude. 

H  h  2  5th. 
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5th.  Seek  in  the  table  (art.  659)  for  the  latitudes  and  longitudes 
the  places  contained  within  the  propofed  limits ;  and  let  them  be  wr< 
out  in  the  order  in  which  they  increafe  in  latitude. 

6th.  Then  to  lay  down  any  place,  lay  the  edge  of  the  paflboard  fc 
•to  the  divifions  on  each  fide  the  chart,  mewing  the  latitude  of  the  plac 
fo  that  the  beginning  of  its  divifions  fall  on  the  right  hand  border  A 
and  againfl  the  divifion  (hewing  the  longitude  of  the  given  place  ma 
a  point,  and  this  gives  the  pofition  of  the  place  propofed  ;  and  in  li 
manner  are  all  the  other  places  to  be  laid  down. 

7th.  Draw  waving  lines  from  one  point  to  the  other,  where  the  co 
is  contiguous,  and  thus  the  reprefcntation  of  the  lands  within  the  pi 
pofed  limits  will  be  delineated.      ;  1 

8th.  Write  the  names  to  the  refpeclive  parts,  and  in  fome  convent 
place  infert  a  compafsi,  and  the  chart  will  be  compieatcd. 


The  ufe  of  the  Plans  Chart. 

665,  To  find  the  lat.  and  Ion.  of  any  propofed  place  in  the  Chart. 

Take  with  a  pair  of  compares  the  lead  difrance  between  the  giv 
place  and  fome  parallel  of  latitude ;  this  difrance  applied  (the  fame  w? 
to  the  graduated  meridian  on  the  border  of  the  chart,  keeping  one  po 
on  the  fame  parallel  of  latitude,  the  other  point  will  fhew  the  degrees 
latitude  the  propofed  place  is  in. 

And  in  like  manner,  the  difrance  between  the  given  place  and  foi 
meridian,  applied  (the  fame  way)  to  the  graduated  parallel  on  the  t 
or  bottom  of  the  chart,  will  fhew  its  degrees  of  longitude. 

Thus  the  difiance  between  Cape  Fineflerre  and  the  parallel  of  latitu 
of  40*,  laid  on  the  border  from  400  upwards,  gives  430  I5'N.  for  Ca|- 
Fineflerre's  latitude  :  And  the  difrance  of  the  Cape   from  the  Meridi 
palling  thro'  ic°  of  longitude,  being  laid  on  the  bottom  border  from  1' 
towards  the  right,  gives  90  20'  W.  for  the  longitude. 

666.  Two  places  being  given,  fuppofc  Cape  Clear  and  the  If  and  of  * 
Michael's^  to  find  the  bearing  and  difiance  between  them. 

Lay  a  ruler  by  the  two  places,  C.  Clear  and  St.  Michael's,  take  -t 
nearefl  difrance  between  the  centre  of  the  compafs  and  the  edge  of  1 
ruler ;  in  this  pofition  Aide  one  point  along  the  ruler,  and  the  other  po 
will  run  along  that  point  of  the  compafs  fhewing  the  bearing,  which 
this  cafe  is  S.  W. ;  that  is,  St.  Michael's  lies  to  the  S.  W.  of  C.  Cle 
or  C.  Clear  to  the  N.  E.  of  St.  Michael's. 

The  difiance  between  the  two  places  applied  to  the  graduated  para!  I 
from  o  degrees,  will  give  the  number  of  degrees,  which  converted  ir 
miles  fhews  their  difrance. 

Thus  the  difiance  from  Cape  Clear  to  St.  Michael's  will  be  found 
be  about  150  25',  which  multiplied  by  60  gives  925  miles. 
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667.  The  dijlance  failed  on  a  given  courfe,  and  from  a  given  place,  be- 
\ig  known,  to  find  the  place  the  Jhip  is  in.  Tims  fuppofe  a  /hip  fails  from 
'ape  Clear  S.  IV.  for  925  miles  :  Required  her  prefent  place  ? 

Reduce   the  given  miles  (925)  into  degrees  and    minutes,  and  take 

lem  (158  25')  with  one  pair  of  compaffes  from  the  graduated  fcales. 

i  Lay  a  ruler  by  the  centre  and  the  given  point  of  the  compafs  (S.W.) ; 

Ice  the  neareft  diftance  between  (Cape  Clear)  the  place  failed  from  and 

ie  edge  of  the  ruler  with  another  pair  of  compaffes ;  in  this  pofition, 

de  one  point  along  the  ruler  until  the  other  point  is  got  as  far  diftant 

lorn  the  given  place  as  is  the  given  diftance,  which  is  found  by  apply- 

g  the  opening  of  the  other  pair  of  compaffes  from  (Cape  Clear)  the 

ven  place,  till  the  points  of  both  pair  of  compaffes  meet ;    and  that 

'ill  give  the  prefent  place  of  the  fhip,  which  will  be  found  in  the  lati- 

de  and  longitude  of  St.  Michael's  ;  and  thefe  are  known  by  art.  665. 

The  Mariner  working  by  the  preceding  precepts  will   preferve  his 

art  free  from  a  multitude  of  lines  :  But  when  this  is  not  regarded  (as 

deed  it  is  fcarely  worth  while),  the  operations  will  become  fomewhat 

.  orter. 

668.  The  latitude  of  a  place  (a),  and  its  bearing  from  a  given  place  (b) 
:  ng  known  j  to  find  that  place  (a)  on  the  chart,  and  its  dijlance  from  B. 

\  Thro'  the  given  place  b  draw  a  line  parallel  to  the  given  point  of 
\  1  compafs,  or  bearing ;  then  an  eaft  and  weft  line  drawn  thro'  the 
i  itade  of  a,  its  interferon  with  the  former  line  will  give  the  place 
]  ight.     The  diftance  may  be  meafured  as  in  art.  666. 

669.  The  latitude  of  a  place  (a),  and  its  dijlance  fro?n  a  given  place  (b) 
( ng  known ;  to  find  the  place  of  A   on  the  chart. 

jDravv  an  eaft  and  weft  line  thro'  the  latitude  of  a  ;  take  the  given 
ctance  in  degrees  from  the  graduated  fcale;  then  this  diftance  being  ap- 
pA  from  the  given  place  b  will  cut  the  faid  eaft  and  weft  line  in  the 
ruired  place  of  a. 

370.  The  longitude  of  a  place  a,  and  its  bearing  from  a  given  place  B 
big  known  ;  to  find  the  place  of  A  on  the  chart. 

Oraw  a  meridian  thro'  the  longitude  of  a  ;  then  the  given  diftance 
t^en  as  before  and  applied  from  b,  will  cut  the  faid  meridian  in  the  re- 
ared place  of  a. 

>7i.  Tl?e  longitude  of  a  place  A,  and  its  bearing  from  a  given  place  B 
hi  g  known  ;  to  find  the  place  of  a  on  the  chart. 

rhro'  the  given  place  b  draw  the  given  bearing.  (666) 

)raw  a  meridian  thro'  the  longitude  of  A,  and  its  interfection  with 
tf]  faid  bearing  will  be  the  place  of  a  . 

^.nd  in  this  manner  may  every  pofiible  cafe  of  failing  by  the  plane 
■ft  be  readily  folved  :  But  as  the  accuracy  of  thefe  folutions  cannot  be 
d^nded  upon  nearer  than  5  or  6  minutes  more  or  lefs  than  the  truth  ; 
th/efore  the  more  careful  Navigators  depend  on  computation,  as  will  be 
%n  in  the  following  fe&ions, 

SECTION 
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SECTION   III. 

Of  Plane  Sailit. 


672.  Plane  sailing  is  the  art  of  navigating  a  fhip  upon  princij 
deduced  from  the  notion  of  the  earth's  being  an  extended  plane. 

On  this  fuppofition,  the  meridians  are  efteemed  as  parallel  right  lir 
the  parallels  of  latitude  are  at  right  angles  to  the  meridians,  the  leng 
of  the  degrees  on  the  meridians,  equator  and  parallels  of  latitude, 
every  where  equal; 'and  the  degrees  of  longitude  are  reckoned  on  the 
rallels  of  latitude  as  well  as  on  the  equator. 

673.  The  Plane  Chart  is  a  map  or  reprefentation  of  the  fev< 
parts  of  the  earth,  laid  down  from  thefe  principles,  according  to  tl 
latitudes  and  longitudes,  on  a  fheet  of  paper,  or  other  fiat  furface.  (6( 

When  the  parts  of  the  earth  are  thus  delineated  on  a  plane,  it 
eafy  to  fee  the  tracks  by  which  a  fhip  may  go  from  one  place  to ; 
other ;  and  alfo  what  angle  this  track  makes  with  the  meridian :  A 
fhips  at  fea  are  kept  in  this  track  or  path  by  the  help  of  an  inftrum1 
called  the  Mariner's  Compafs. 

674.  The  Mariner's  Compass  is  an  artificial  reprefentation  of 
horizon  of  every  place,  by  the  means  of  a  circular  piece  of  paper  cal 
a  Card,  divided  like  the  horizon  into  degrees  and  points,  which  are  cal 
Rhumbs:  Now  the  card  being  properly  fixed  to  a  piece  of  Heel  cal 
a  Needle,  that  has  been  touched  with  a  loadftone  (whofe  property 
fuch  as  to  caufe  one  end  of  the  needle,  fo  touched,  to  point  towards 
north,  when  turning  freely  on  fomething  fupporting  it),  all  the  poi 
of  the  card  will  be  directed  towards  their  correfponding  points  of ' 
horizon. 

From  this  conftrudtion  of  the  Mariner's  compafs  it  follows,  thati 
every  place  the  north  point  of  the  card  mews  the  pofition  of  the  n 
ridian  in  that  place ;  and  fome  one  rhumb  or  point  of  the  card  will  'i 
incide  with,  or  be  directed  along,  the  track  that  makes  any  giv 
angle  with  the  meridian :  Confequently  by  the  help  of  the  card  . 
compafs  a  {hip  may  be  kept  on  any  propofed  track  ov  courfe. 

675.  A  Rhumb  line  is  a  right  line  drawn  from  the  centre  of  I 
compafs  to  the  horizon  j  and  j is  named  from  that  point  of  the  horizon 
falls  in  with. 

676.  The  Course  is  an  angle  which  any  Rhumb  line  makes  withJ 
meridian  ,  and  is  fometimes  reckoned  in  degrees,  and  fometimes 
points  of  the  compafs. 

677.  Distance  is  the  number  of  leagues,  miles,  &V.  intercepi 
between  two  places  reckoned  on  a  Rhumb ;  or  it  is  the  way  or  len£ 
a  fhip  has  gone  on  a  direct  courfe  in  a  given  time. 

678.  Departure  is  the  eaft  or  weft  diftance  of  a  fhip  from  t 
meridian  of  fome  noted  place,  reckoned  on  its  parallel  of  latitude 
the  Plane  Chart  3  and  therein  it  is  the  fame  as  the  difference  of  Ion; 
tude. 
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679.  If  a  fhip  fails  either  due  north  or  fouth,  fhe  fails  on  a  meridi- 
i,  makes  no  departure,  and  her  diftance  and  difference  of  latitude  are 
e  fame. 

If  a  fhip  fails  either  due  eaft  or  weft,  fhe  runs  on  a  parallel  of  lati- 
de,  makes  no  difference  of  latitude,  and  her  departure  and  diftance  are 
e  fame. 

680.  The  difference  of  latitude  and  departure  always  make  the  legs  of 
;  right  angled  triangle,  whofe  hypothenufe  is  the  diftance  the  fhip  has 
lied. 

;When  the  courfe  is  45  degrees,  or  4  points,  the  difference  of  latitude 
jd  departure  are  equal. 

When  the  courfe  is  lefs  than  45  degrees,  or  4  points,  the  difference 
(.latitude  is  greater  than  the  departure. 

But  when  the  courfe  is  greater  than  4  points,  or  45  degrees,  the  de- 
jture  is  greater  than  the  difference  of  latitude. 

1 58 1.  When  a  figure  relating  to  a  fhip's  courfe  is  to  be  conftru£led, 
i  nuft  firft  be  confidered  whether  the  fhip  is  failing  northward  or  fouth- 
X  rd ;  and  whether  ihe  goes  to  the  eaftward  or  weftward  of  the  place 
l  departed  from  ;  for  the  lines  in  the  figure  muft  be  drawn  accord- 
i.ly. 

Thus.  Let  the  upper  part  of  the  paper,  or  what  the  figure  is  drawn 
C  always  reprefent  the  north,  then  the  lower  part  will  be  fouth,  the 
rl  it  hand  fide  eaft,  and  the  left  hand  fide  the  weft. 

)raw  a  north  and  fouth  line  to  exprefs  the  meridian  of  the  place  the 
fl)  fails  from  j  then  if  the  courfe  is  to  the  fouthward,  mark  the  upper 
u  of  the  line  for  the  place  failed  from  :  But  if  the  courfe  is  north- 
vd,  mark  the  lower  end  for  that  place. 

iThro'  the  point  failed  from,  draw  a  line  perpendicular  to  the  meridi- 
an to  reprefent  the  parallel  of  latitude  of  that  place  ;  and  from  the  fame 
pat,  with  the  chord  of  60  degrees,  defcribe  a  quadrantal  arc  on  the 
I  fide  of  the  meridian,  if  the  courfe  is  eaftward,  or  on  the  weft  fide, 
ifjie  courfe  is  to  the  weftward. 

Vnen  the  courfe  is  given,  the  chord  of  the  degrees,  or  points  ex- 
piring it,  is  to  be  taken  with  a  pair  of  compaffes  either  from  the  fcale 
of:hords  or  of  rhumbs  * ;  and  is  always  to  be  laid  off  on  the  qua- 
drital  arc,  beginning  at  the  meridian. 

fh'e  line  expreffing  the  diftance  the  fhip  has  run,  is  always  to  be 
drvn  from  the  centre  of  the  quadrant  or  point  failed  from,  thro'  that 
pcit  of  its  arc  which  limits  the  courfe. 

The  difference  of  latitude,  in  leagues  or  miles,  taken  with  the  com- 
pas  from  a  fcale  of  equal  parts,  is  ever  to  be  laid  on  the  meridian, 
reioning  from  the  centre  of  the  quadrant. 

A  quadrant,  or  arc  of  go0,  being  divided  into  8  equal  parts,  and  each 
■pefe  into  quarters ;  then  if  from  one  end  of  the  arc  the  feveral  diviiions 
^ansferred  to  the  chord  of  90°,  as  in  art.  213,  a  line  of  rhumbs  is  thereby 
t-oj.ru&ed  ;  whofe  ufe  is  the  fame  as  the  chorus,  namely,  to  make  an  angla 
wfc;e  meafure  is  given  in  points  inflead  of  degrees. 

The 
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The  departure  is  to  be  a  right  line  parallel  to  the  eaft  and  weft  1 
before  drawn,  and  joins  the  ends  of  the  lines  exprefling  the  difta 
and  difference  of  latitude. 

682.  In  the  annexed  figure,  fuppofe  the  circle  fhfh  to  reprefent 
horizon  of  the  place  a,  from  whence  the  f 
fails;  ac  the  rhumb  fhe  fails  on,  and   c 
place  come  to;  then  hh  reprefents  the  pai 
lei  of  latitude  fhe  failed  from,  cc  the  para 
of  the  latitude  arrived  in  :    So  that  ad 
comes  the  difference  of  latitude,  dc  the  1 
parture,  ac  the  diftance  failed,  the  angle  d 
is  the  courfe,  and  the  angle  DC  a   is  the  co, 
plement  of  the  courfe. 

Thefe  particulars  will  be  alike  reprefent 
whether  the  (hip  fails  in  the  N.  E.  or  N.  V 
S.  E.  or  S.  W.  quarters  of  the  horizon. 

Hence  it  is  evident,  that  the  difference 
latitude,  departure  and  diftance,  form  the  fi 
of  a  right  angled  triangle,  whofe  angles 
the  courfe,  its  complement  and  the  right  1 
gle,  whofe  fine  is  radius  ;  therefore  amc 
thefe  four  things,  courfe,  diftance,  diff".  lat.  and  departure,  any  two 
them  being  given,  the  reft  are  to  be  found  by  plane  trigonometry. 

683.  But  for  the  ready  working  of  any  fingle  courfe,  there  is  a 
ble,  called  a  Traverfe-Table,  ufually  annexed  to  Treatifes  of  this  kin 
which  is  fo  contrived,  that  by  finding  therein  the  given  courfe  and 
diftance  not  exceeding  100  miles,  the  diff.  lat.  and  departure  is  had 
infpedtion :  The  courfe  is  to  be  found  at  the  top  of  the  table,  wh 
under  4  points,  or  45  deg. ;  but  at  the  bottom  of  the  table  when  it  e 
ceeds  45  deg.  Each  column  figned  with  a  courfe  confifts  of  two  par 
one  for  the  diff.  lat.,  marked  Lat. ;  the  other  for  the  departure,  mark 
Dep. ;  which  names  are  both  at  the  top  and  bottom  of  thefe  columi 
The  diftance  is  to  be  found  in  the  column  marked  Diji.  next  the  man 
of  the  page. 

This  table  will  ferve  for  greater  diftances,  by  taking  their  halvi 
thirds,  fourths,  &c.  and  doubling,  tripling,  quadrupling,  &c.  the  d; 
lat.  and  departure  found  to  thofe  parts  of  the  diftance. 

But  the  traverfe  table  contained  in  this  book,  has  the  diftances  continu 
to  120,  which  is  a  number  more  capable  of  fubdivifions  than  100 
fides,  the  table  is  divided  into  two  parts ;  the  firft  contains  the  wh< 
points  and  quarter  points  in  a  quadrant;  and  the  fecond  part  is  fitted 
every  degree  and  quarter  of  a  degree  in  the  quadrant;  whereby  t 
courfe  and  diftance,  refulting  from  a  day's  work,  is  more  accurately  c 
tained  than  by  the  common  traverfe  tables. 

684.  All  the  proportions  that  can  arife  in  Plane  failing  are  exhibit 
in  the  following  table  ;  they  refer  to  the  preceding  figure,  where  a 
af,  or  ah  reprefent  the  radius  of  the  tables,  eb  the  fine  of  the  cour 
gf  its  tangent,  and  AG  its  fecant ;  ab  ftands  for  the  fine  of  the  cor 
plement  of  the  courfe,  hi  its  tangent,  and  ai  its  fecant. 
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Thefe  proportions  are  here  inferted  to  exercife  the  learner  in  reafon  - 
,o-  on  the  relations  fubfifting  between  thefe  lines  and  thofe  reprefenting 
|e  diftance,  departure  and  difference  of  latitude:  But  in  what  follows, 
by  the  analogies  in  the  firft  column,  and  one  againft  the  laft  cafe  in 
iz  fecond  column,  will  be  ufed ;  the  others  being  rather  matters  of 
jriofity  than  ufe. 


Z.A.AC 


£A,AD 


>- 


Given 


Z_a,dc 


AD,  AC 


AC,  DC 


Req. 


Solution  by  fines 


AD 
DC 


AC 
DC 


AC 
AD 


Z-A 
DC 

L.A 
AD 


AD,  DC 


by  fun.  A  adc,  aee 


ae:  ab::  ac  :  ad 
ae:  eb::  ac:  dc 


ab:  ae::  ad:  ac 
ab:  be  ::  ad:  dc 


be  :  ae  ::dc:  ac 
be  :  ab::dc:  ad 


ac  :  ad::  ae  :  ab 
ae  :  eb  ::  ac:dc 


ac  :dc  ::  ae:  eb 
ae  :  ab::  ac  :  ad 


Z.A 

AC 


Solution  by  tangents  and  fecants 


by  fim.  A  adc,  afg  by  fim.  A  adc,  ahi 


ag:af::  ac  :ad 
ag:  fg::ac:  dc 


ai  :  ih::  ac:ad 
1  :  ah::  ac:dc 


af  :  ag::  ad:  ac 
af:fg::  ad  :  dc 


fg  :  ag::  dc:  ac 
fg: af : :dc: ad 


ad:  ac::  af:  ag 
af  :  fg:  :  ad:  dc 


ad:dc  ::  af  :  FG 
af  :  ag  ::  ad  :  ac 


ih  : 
ih  : 

Ai: 
ah: 

:  ad 
:ad: 

AC 
DC 

AH 

AH 

•  ai: 
hi: 

:dc. 
:dc  : 

AC 
AD 

DC 
AH 

ac: 
:hi  : 

:  ah 
:dc 

:  AI 

AD 

DC 

AH 

ad: 

:  ah 

:  hi 

:  ai  : 

:  dc 

:  ac 

085.  To  aflift  the  learner,  the  proportions  hereafter  ufed   are  given 
ii  their  nautical  terms. 


Courfe  &  Diff.  lat. 
Diftance  Depart. 


Given  [Required 


SOLUTIONS. 


Rad     :   Dift    :  :Cof.Cou:  Diff.lat.         Ns  I 
Rad     :    Dift    ::  fin. Cou  :  Depart.        N°II 


Courfe 
Diff.  lat. 


Diftance 
Depart. 


Cof.Cou  :  Diff.lat : :     Rad     -.Diftance.    N»III 
Cof.Cou :  Diff.lat : :  fin.  Cou  :  Depart.  orbyN°II 


Courfe 
Depart. 


Diftance 
Diff.  lat. 


Diftance 
Diff.  lat. 


Courfe 
Depart. 


Diftance  Courfe 
Depart.     Diff.  lat. 


Diff.  lat. 
Depart. 


Courfe 
Diftance 


Sin .  Cou  :  Depart  : :     Rad     :  Dift.  N°  IV. 

Sin.  Cou :  Depart : :  Cof.Cou :  Diff.lat.  or  by  N°  I. 


Dift         :    Rad    ::  Diff.  lat  :  Cof.  Cou.     N#  V. 
Rad         :    Dift    ::  fin.  Cou  :  Depart.    byN°II. 


Dift         :    Rad    ::  Depart  :  fin.  Cou.      N°  VI 
Rad  :    Dift   :: Cof.Cou: Diff.lat.    byN°I, 


Diff.lat    :  Depart : : 
Sin.  Cou  :  Depart : : 


Rad     :  tan.  Cou.  N8  VII 
Rad     :Dift.     by  N°  IV 


"hefe  proportions  (or  Canons  as  they  are  ufually  called  by  Mariners), 
applied  to  the  numeral  folutions  of  all  the  varieties  of  fingle  courfes 

he  following  fe£Uon. 

I  i  686. 
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686.   A  Table  of  the  angles  which  every  Rhumb,  or  point  of 
compafs,  makes  with  the  meridian. 


NORTH. 


N.  b.  E. 


N.  N.  E. 


N.  E.  by  N. 


NT.  E. 


N.  E.  b.  E. 


E.  N.  E. 


E.  b.  N. 


EAST.. 


SOUTH. 


S.  b.  E. 


S.  S.  E. 


S.  E.  b.  S. 


S.  E. 


S.  E.  b.  E. 


E.  S.  E. 


E.  b.  S. 


EAST. 


Points. 


6 
6 

6 

7 


NORTH 


25  19 

28  07I 

30  56 

33  45 


36  34 

39  22i 

42  11 

45  00 


47  49 

50  371 

53  26 

56  *5 


59  °4 

61  524 

64  41 

67  30 


70  19 

n  °74 

75  56 

78  45 


81  34 

84  22! 

87  11. 

90  00 


N.  b.  W. 


N.  -N.  W. 


N.W.  b.  N. 


N.  W. 


N.W.  b.W 


W.  N.  W. 


W.  b.  N. 


WEST. 


SOUT 


S.  byW 


s.  s.w, 


S.  W.  b.  I 


s.  w. 


S.W.  b/l 


W.  S.  Vi 


W.  b.  Sj 


WES'] 


Before   the  learner   begins  his  cafes  of  Plane  failing,  he  mould 
fo  well  acquainted  with  his  Compafs,  or  this  table,  as  to  be  readily  aj 
to  tell  how  many  points  any  of  thefe  courfes  or  Rhumbs  are  difty 

from  the  meridian,  or  from  the  parallel.    . 
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SECTION      IV. 

Of  Jingle  courfa. 

1687.  Case  I.  Given  the  courfe  fleered,  and  the  diftance  run: 
Required  the  difference  of  latitude  and  departure. 

Exam.  A  Jhip  from  the  latitude  47*  30'  N.  has  failed  S.  W.b.  S.  98 
j  les  :  What  Lat.  is  foe  in,  and  what  Dep.  has  Jhe  made  ? 

By    the  Traverse  Table.      (711) 
Find  the  given  courfe  at  the  top  or  bottom  of  the  table  among   the 

I  ints  or  degrees ;    and  in  that  column,  right  againft  the  diftance  taken 

i  its  column,  ftand  the  diff.  lat.  and  departure,  in  their  columns. 
Thus  the   courfe  is   S.  W.  b.  S.  or  3  points,  in  which  column,  and 

siinft  the  diftance  98  in  the  column  of  diftances,  ftand  81,5  miles  for 

I:  diff.  lat. ;  and  54,45  miles  for  the  departure. 

By  Construction.    (681) 

1  Draw  the  meridian  ad,  and  make  the  quadrant 
jncp. 

2  Make  mc  =z  rhumb  of  3  points,  and  thro'  c  draw 
i  equal  to  98  miles. 

3 Draw  bd  parallel  to  p  a,  meeting  ad  in  d. 
rl  en  ad  the  diff.  lat.  meafures  about  8i|  miles. 
1  d  db  the  departure  meafures  about  54,4  miles. 

By  Computation. 
1  e  courfe  being  3  points— 330  45'.     The  comp.  courfe  is  5pts.=r56sJ5'. 


I  find  the  diff.  latitude 

/Rad             =  900  oo'  10,00000 

TjDift.            =98  m.  1,99123 

S  cof.  Co.      —  350  45'  9,91985 


To  find  the  departure. 

As  Rad             -z=.  900  oo'  10,00000 

To  Dift.            —  98  m.  1,99123 

So  fm.  Cou.      =33°  45'  9,74474 


1  diff.  lat.      =  81,48  1,91108 


To  Dep. 


=  54.45 


1 .73  597 


By  Gunter's  scale. 

Dm  the  line  of  fine  Rhumbs,  the  extent  from  Rad.  or  8  points  to 
■pints,  applied  to  the  line  of  numbers  will  reach  from  98  in  either 
fee  to  54,4. 

Ind  the  extent  from  8  points  to  5  points  among  the  Rhumbs,  reaches 
fr)n  98  to  81,5  on  the  line  of  numbers. 

)r  thus.     The  extent  from  Radius  or  8  points  in  the  S.  R.   to  98  in 

tliNos.  will  reach  from  3  points  in  the  Rhumbs  to  54,4  in  the  Nos.  and 

th  fame  extent  will  reach  from  5  points  in  the  Rh.  to  81,5  in  the  Nos. 

6o)8i(  The  Lat.  from     470    30  N. 

.  diff.  Lat.        1      21  S. 

,0  „,/  . 


i    21' 


Lat.  in         46      09  N.     Dep.  54,4  miles  Weft. 


he  lines  on  the  Gunter's  fcale  marked  S.  R.  and  T.  R.  fignifying  Sine 
Rimks  and  Tauge?it  Rhumbs,  are  the  logarithmic  fines  arid  tangents  arifwering 
10  ie  degrees  and  minutes  in  each  point  and  quarter  point  of  the  Corripafs, 
inferred  from  the  fcales  of  Log.  fines  and  Log.  tangents. 

I  i  2  688. 
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.  Case  II.  Given  the  courfe  fleered,  and  difference  of  latitud< 
Required  the  diftance  run,  and  the  departure. 

Exam.  A  /hip  has  failed  S.  E.  b.  S.  from  the  Lot.  470  30'  N.  to 
Lot.  46s  08'  N.  What  dijlance  has  fve  run^  and  what  departure  has 
made  ? , 

By    the   Traverse    Table.  ^(70) 

Find  the  courfe  among  the  degrees,  and  the  diff.  lat.  in  its  coluirl 
right  againft  which  Hand  the  departure  and  diftance  in  their  columns.; 

Now  taking  46?  08'  from  470  30',  Remains  i°  22'  =:  82  m.  the  diuj 
lat. 

Then  the  courfe  S.  E.  b.  S.  is  3  points,  under  which  in  the  colui'l 
of  Lat,  the  neareft  number  to  82  is  82,3,  the  correfponding  departi: 
is  55,  and  the  diftance  is  99  miles. 


By  Construction. 

ift.  Defcribe  the  quadrant  a  m  cp. 

2d.  Make  mc  —  rhumb  of  3  points,  and  contlr 

a  m  till  ad  s—  82  miles. 

3d.  Thro'  d  draw  db  parallel  to    a  p,  meeting 

line  ab  drawn  thro'  c9  in  the  point  B. 

Then  the  diftance  ab  meafures  about  99  miles. 

And  the  departure  db  meafures  about  55  miles, 


By  Computation. 


The  courfe  3  points  —  33e  45' 
To  find    the  diftance. 


Ag  cof.  Co.  r= 

To  diff.  lat.  = 

So  Rad  ~ 

To  Dift.  = 


33°45/ 
82  m. 

900  oo; 
98,62 


0,08015 

1,91381 

10,00000 


The  comp.  courfe  is  5  pts.  ~  56?! 
To  find  the  departure. 
As  cof.  Co.        ==  33°  45' 
To  diff.  lat.        =  82  m. 
Sofin.Cou.         =  33*45' 


o,oSc 
9.744 


1,99396    To  Dep. 


54J9       *>73s 


By  Gunter's  scale. 


On  the  line  of  fine  Rhumbs,  the  extent  from  5  points  to  2  points 
radius,  will  on  the  line  of  numbers  reach  from  82  to  99. 

And  the  extent  from  5  points  to  3  points  on  the  S.  R.  will  reach  fr< 
82  to  55  on  the  line  of  numbers. 

Or  thus.  The  extent  from  5  points  in  the  fine  rhumbs,  to  82  mi 
in  the  line  of  numbers,  will  reach  from  8  points  in  thofe  rhumbs 
99  in  the  numbers  j  and  the  fame  extent  will  reach  from  3  points 
the  rhumbs  .to  55  in  the  numbers. 

Note.  In  all  thefc  cafes,  wherever  the  cof.  Cou.  is  ufed,  the  deg.  putdoii 
is  the  courfe  itfelf,  yet  the  log.  belongs  tu  the  comp.  of  that  courfe. 
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689.  Case  III.  Given  the  courfe  fteered  and  the  departure 
Required  the  dift.  run,  and  diff.  latitude. 


H5 


I  Exam.  A  fhip  from  Lat.  47 °  30'  N.  failing  N.  W.  b.  W.  finds  fie  has 
\ade%2  miles  of  departure  :  JVJmt  is  her  dijlance  run,  and  what  Lat.  is  fit 
iVJ  in  ? 

By  the  Traverse  Table.     (71.1) 
Find  the  courfe  among  the  degrees,  and  the  departure  in  its  column  ; 
jTht  againft  which  ftand  the  difference  of  latitude  and  the  diftance  in 
eir  refpe£tive  columns. 

Now  the  courfe  N.  W.  b.  W.  is  5  points,  over  which  in  the  column 
departure,  the  neareft  number  to  82,  is  #2,3 ;  and  the  correfponding 
if,  latitude  is  55  miles,  an4  the  diftance  is  99  miles. 

By  Construction. 

\.  Defcribe  the  quadrantal  arc  Amcp.  B 

.  Make  mc  ■=.  rhumb  of  5  points,  and  continue 
\p  till  a  b  =.  82  miles. 

.  Thro'  b  draw  b  b  parallel  to  a  m,  meeting  the 

e  ab,  drawn  thro'  c,  in  b.  ^ 

,i.  Thro'  b  draw  bd  parallel  to  b  a,  meeting  A  m 
^atinued,  in  d. 

'  len  the  diftance  ab  meafures  about  99  miles. 
,id  the  diff.  lat.  ad  meafures  about  55  miles. 

By  Computation. 


"he  courfe  5  points  is  5 6°  15'. 

:"o  find  the  diftance. 
1  fin.  Co.        =  560  1 5'      0,08015 
'''dep.  —  82  m.         1,91381 

—  90°  oo'     10,00000 


JRad 


=5  98,62 


[,99396 


The  comp.  courfe  is  3  pts.=33*  45'. 
To  find  the  diff.  latitude. 
As  fin.  Co.  =  560  15'    0,08015 

Todep,  =  82  m.       1,91381 

So  cof.  Co.         =  56°  15'    9,74474. 

To  diff.  lat.         r=  54  79      1,73870 


By  Gunter's  scale. 

On  the  line  of  fine  rhumbs,  the  extent  from  5  points  to  8  points  or 
rius,  will  on  the  line  of  numbers  reach  from  82  to  99. 

And  the  extent  from  5  points  to  3  points  on  the  line  of  S.  R.  will 
flch  from  82  to  55  on  the  line  of  numbers. 

I  Dr  thus.  The  extent  from  5  points  in  the  fine  rhumbs  to  So.  miles 
ii  the  line  of  numbers,  will  reach  from  8  points  in  the  rhumbs  to  99 
ii  the  numbers :  And  the  fame  extent  will  reach  from  3  points  in  the 
Jambs  to  55  in  the  numbers. 

Lat.  from  470     30'  N. 

Diff.  lat.  o      55    N. 


Lat.  in 


25    N. 
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690.  Case  IV.  Given  the  diftance  and  difference  of  latitude : 
Required  the  courfe  and  departure. 


Exam.  A  jhip  from  Lat.  470  20'  N.  falls  between  the  north  and  ei 
98  mile sy  and  is  arrived  in  Lat,  48*  42'  N.  What  courfe  did  Jhe  flet 
and  what  Dep.  has  Jhe  made  f 

By    the  Traverse    Table.     (712) 

Seek  in  the  table,  till   againft  the  diftance  taken  in  its  column, 
found  the  given  diff.  lat.  in  one  of  the  following  columns ;  and  adjoinii 
to  it  ftands  the  departure,  which  if  lefs  than  ths  diff.  lat.  the  courfe 
found  at  the  top  of  the  column;  but  if  greater,  the  courfe  is  found i 
bottom. 

Now  taking  470  20'  from  480  42'  leaves  i°  22'  =  82  m.  ti 
diff.  lat. 

Then  feeking  till  againft  dift.  98,  ftands  lat.  82,  the  neareft  will 
lat.  81,95,  and  here  the  departure  is  53,73  m.  and  the  courfe  is  33°  r 

By  Construction. 

1  ft.  Defcribe  the  quadrant  A  ?n  c  p. 

2d.  Continue  a  m,  till  ad  =  82  m. 

3d.  Thro'  d  draw  db  parallel  to  a  p. 

4th.  On  a  with  the  diftance  98  cut  db  in  b. 

Then  the  departure  db  meafures  about  53  m. 

And  the  courfe  dab  is  meafured  by  the  arc  mc 

about  33*. 

By  Computation. 


To  find  the  courfe. 


As  dift. 
To  Rad 
So  diff.  lat. 


:=  98  m.  8,00877 

—  900  oo'     10,00000 
=3  82  m.  1,91381 


To  cof.  Co.      =  33*47'      9,92258 


Tp  find  the  departure. 

As  Rad              rr   900  co'  1 0,000 

To  dift.            =  98  m.  1,991 

So  fin.  Co.       =   330  1 37  9,738' 


To  dep. 


=  53»69         *>!*$ 


By  Gunter's  scale. 

On  the  line  of  numbers,  the  extent  from  98  m.  to  82  m.  will  on  t 
line  of  fines  reach  from  90,  or  radius,  to  about  57  deg. 

And  the  extent  on  the  line  of  fines,  from  90*  to  33*,  will  reach 
the  line  of  numbers  from  98  m.  to  about  53  miles. 

Or  thus.  The  extent  from  98  m.  in  the  line  of  numbers,  to  90* 
the  line  of  fines,  will  reach  from  82  m.  in  the  numbers  to  about  57* 
the  fines:  And  the  fame  extent  will  reach  from  about  33"  in  the  fim 
to  about  53  in  the  numbers. 

So  that  the  courfe  is  N.  33*  15'  E.  or  N.  E.  b.  N.  nearly. 
And  the  departure  is  53,69  miles  to  the  Eaftward. 
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691.  Case  V.  Given  the  diftance  and  departure : 

Required  the  courfe  and  difference  of  latitude. 
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Exam.  From  the  Lat.  500  13'  N.  a  Jhip  in  failing  between  the  Ssuth 
md  Eajl  98  miles,  makes  her  departure  82  miles :  What  courfe  did  fhe 
eePi  and  what  Lat.  is  fhe  arrived  at  ? 

By  the  Traverse  Table.     (712) 

Seek  in  the  table,  till  againft  the  diftance  taken  in  its  column,  be 
jund  the  given  departure  in  one  of  the  following  columns;  and  ad- 
Yining  to  it  ftands  the,  diff.  lat.  which  if  greater  than  the  departure,  the 
ourfe  is  found  at  the  top  of  the  column  3  but  if  lefs,  the  courfe  is  found 
t  the  bottom. 

Now  feeking  till  againft  the  dift.  98  ftands  82,  the  neareft  will  be 
1,95,  figned  Dep.  at  bottom  j  and  here  the  diff.  lat.  is  53,73  min»  and 
ie  courfe  is  56*  45'. 

By  Construction. 

r.  Defcribe  the  quadrant  Ancp. 
J.  Continue  a  p,  till  a  b  =2  82  m. ;    and  thro'  b  A- 
aw  b  b  parallel  to  a  n. 
1.  From  a  with  the  dift.  98  m.  cut  b  B  in  B. 
h.  Thro*  b  draw  bd  parallel  to  a  b9  meeting  a  n 
mtinued,  in  d. 

hen  the  diff.  lat.  ad  meafures  about  53  miles. 
rid  the  courfe  dab  is  meafured  by  the  arc  nc  of  about  57*. 

By  Computation. 


To  find  the  Courfe. 

I  dift.               =z  98  m.  8,00877 

h  Rad             ~  900  oo'  1 0,00000 

J-dep.              =  82  m.  1,91381 

r.)  fin.  Gou.     =  560  47;  9,92258 


To  find  the  diff.  lat. 

As  Rad             —  900  oo'  10,00000 

To  dift.            rr  98  m.  1,99123 

So  cof.  Cou.     —  56*  47'  9,73863 


To  diff.  lat.      =  53,69  1,72986 


rj.en  500  13'  N.  —  o°  54'  N.  =  490  19'  N.    For  53,69  m.  is  neareft  54. 

By  Gunter's  scale. 

On  the  line  of  numbers,  the  extent  from  98  m.  to  82  m.  will  on  the 
li:  of  fines  reach  from  900,  or  radius,  to  about  57  deg. 

And  the  extent  on  the  line  of  fines,  from  90*  to  33*,  will  reach  from 
9;m.  to  about  53  m.  on  the  line  of  numbers. 

Or  thus.  The  extent  from  98  m.  in  the  line  of  numbers  to  900  in 
tl  line  of  fines,  will  reach  from  82  m.  in  the  numbers  to  about  57 °  in 
I  fines  :  And  the  fame  extent  will  reach  from  about  33*  in  the  lines, 
tt about  53  m.  in  the  numbers. 

50  that  the  Courfe  is  S.  560  47'  E.  or  S.  E.  b.  E.  nearly. 

\nd  the  latitude  arrived  in  is  49*  19'  N. 


692, 
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692.  Case  VI.  Given  the  difference  of  latitude  and  departure: 
Required  the  courfe  and  diftance. 

Exam.  A  Jhip  from  Lai.  480  32'  N.  is  arrived  in  Lat.  490  54' .i 
and  is  got  54  miles  to  the  wejlward  of  her  departed  meridian  :  What  cow 
didjht 'Jleer,  and  what  is  the  dire  ft  dijlance  foe  has  run? 

*  By  the  Traverse  Table.     (712) 

Seek  in  the  table  till  the  given  diff.  lat.  and  departure  are  found  t 
gether  in  their  refpe&ive  columns  ;  then  right  againft  them  will  be  foui 
the  diftance  in  its  column,  and  the  courfe  ftands  among  the  degrees 
the  top  or  bottom  of  the  column,  where  the  diff.  lat.  and  depart,  wd 
found.  ' 

Now  taking  48 °  32'  from  49°  54',  leaves  i*  22'  =  82  m.  $ 
diff.  lat. 

Then  in  the  table  it  will  be  found,  that  the  numbers  ftanding  tog 
ther,  the  neareft  to  82  and  54,  are  81,95  and  53,73;  the  diftance  a 
fwering  to  thefe  is  98  m.  and  the  courfe  is  330  15'. 

By  Construction. 

»ift.  Defcribe  the  quadrant  a  m  c  p,  and  contin| 
a  m  till  ad  =  82  m. 

2d.  Thro'  d  draw  db  parallel  to  Ap>  and  equal 
54  miles,  and  draw  ab. 

Then  the  diftance  ab  meafures  about  98  miles. 
And  the  courfe-D  ab  is  meafured  by  the  arc  mc  of  abo 


33s 


To  find  the  Courfe. 
As  diff.  lat.  =  82  m. 
To  depart.  =  54  m. 
So  Rad  —  45°  oo' 


By  Computation. 


8,08619 

*v3239 
10,00000 


To  tan.  Cou.    ■=.  33   22        9,81858 


To  find  the  diftance. 
As  fin.  Cou.  =.  33*22' 
To  dep.  —  54  m. 

So  Rad  =:  900  oo; 


0,259 

1,732, 

10,000: 


To  dift. 


=  98,18        1,992 


By  Gunter's  scale. 

On  the  line  of  numbers,  the  extent  from  82  m.  to  54  m.  will  rea 
on  the  line  of  tangents  from  450  to  about  330. 

And  the  extent  on  the  line  of  fines,  from  about  33*  to  900,  will  rea. 
on  the  line  of  numbers  from  54  m.  to  about  98  m. 

Or  thus.  The  extent  from  82  in  the  line  of  numbers  to  45°  in  t 
line  of  tangents,  will  reach  from  54  in  the  line  of  numbersj  to  abc 
330  in  the  line  of  tangents. 

Alfo,  the  extent  from  about  330  in  the  fines  to  54  in  the  numbe 
will  reach  from  900  in  the  fines  to  about  98  m.  in  the  numbers. 

So  the  Courfe  is  N.  33°  22'  W.  or  N.  W.  b.  N.  nearly. 

And  the  diftance  is  98,18  miles, 
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Queftions  to  exercife  the  foregoing  cafes. 


H9 


Quest.  I.  Four  days  ago  we  were  in  Lat..  30  25'  S.;  and  have  fiwce 
at  time  run  on  a  direcl  courfe  NW.  by  N.  at  the  rate  of  8  miles  an 
mr :  Required  our  prefent  latitude  and  departure  ? 

One  day  ==  24  hours  :  Then  24  x  4  =  96  hours. 
And  96  x  8  =  j68  miles,  the  whole  diftance. 

Construction. 
r.  Draw  the  meridian  ad,  and  defcribe  the  qua- 
|  ant  a  m  p. 

a.  Lay  off  the  courfe  3  points  from  m  to  c,  and 
aw  the  rhumb  line  ab. 

I.  On  the  rhumb  line  lay  the  diftance  from  a  to 
and  draw  bd  parallel  to  p  a. 


;Rad 
bdift. 
!  cof.  Cou. 


Computation. 


—  900  oo'  10,00000 
=  768  m.  2,88536 
=  33°  W      9'9i98S 


'idiff.  lat.      r=  638,6m.     2,80521 
Iw  6,0)63,9(10*  39. 


As  Rad 
To  dill. 
So  fin.  Cou. 

To  dep. 


r±  900  00'-    iojooooO 
=:  768  m.       2,88536 


-  33   45' 


9^74474 


Anfwer 


Then  Lat.  from 
diff.  lat. 

Lat.  in 
Depart. 


— -  426,7  m.    2,63010 
is'  S. 


10    39  N.  , 

7    14  N. 
426,7  miles* 


^UEST.  II.  Tejlerday  noon  we  were  in  Lat.  380  32'  N.  and  this  day  at 
nn  we  are  in  Lat.  36"  56'  N.;  we  have  run  on  a  direcl  courfe  between 
t\  S.  and  E.  54  knots  an  hour :  Required  our  courfe  and  departure  ? 

l.atfrom     380  32' N.  24  hours, 

pat.  in         36    56  N.  5,5  =z  gf 


)iff.  lat. 


1     36  =  96  m. 


120 
120 


Dift.  rr  1 3  2,0  m. 


^onst.  Defcribe  the  quadrant  Amp',  draw  the  meridian  ad  =  96, 
St  draw  db  parallel  to  Ap;  with  132  m.  from  a,  cut  db  in  b. 


Adift. 
TRad 
ScUff.  lat. 


Computation. 


—  132  m. 
=  90"  oo' 
=  96  m. 


7>87943 

10,00000 
1,98227 


As  Rad 
To  dift. 
So  fin.  Cou. 

To  dep. 


—  900  oo'     10,00000 
=   132  m.       2,12057 


=.  43°  20' 
=  90,58 


t cof.  Cou.    =  430  20'      9,86170 

nfwer  J  Courfe  is  s-  43°  2°'  E-  °r  SE-  b-  s- iE-  "early. 
(  Departare  90,58  miles  to  Eaftward. 

K  fc 


9,83643 


i»9S7°S 


Quest-. 
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Quest.  III.  A  flip  in  Lat.  3*  52'  5.  is  bound  to  a  port  bearing  NJ 
by  W.  \  W.  in  Lat.  &*  30"  N. :  How  far  does  that  port  lie  to  the  weftwm 
and  what  is  the  flip's  diflance  from  it  ? 

Lat.  from         30  52'  S. 

Lat.  to  4    30  N. 


Diff.  lat. 


8    22 
60 


502 


miles. 


Const.  Defcribe  the  quadrant  Amp'. 
ad  =  502,  and  thro'  d  draw  db  parallel  to 
points :  Thro'  c  draw  ab  meeting  db  in  b. 

Computation. 


Draw    the    meridi 
a  p :  Make  mc  = 


As  cof.  Cou. 

=  6i-  52' 

To  diff.  lat. 

rr  502  m. 

SoRad 

—  900  oo; 

To  dift. 


zz  1065 


0,32650 

2,70070 

10,00000 

3,02720 


As  cof.  Cou. 
To  diff.  lat. 
So  fin.  Cou. 

To  dep. 


=   61 


6i°  52'      0,326 
502  m.       2,7001 

52'      9>945' 


938,9 


2,972 


fl  r       C  The  Port  h'es  938,9  m.  to  the  weftward. 
Aniwer  j  The  direft  diilance  is   lo6^ 


Quest.  IV.  J  flip  from  Lat.  30°  1 4'  N.  fails  SE.  by  E.  [i 
and  four  days  after  ?neets  a  floop  zuho  had  failed  direflly  eafl  at  the  rate 
6  miles  an  hour,  fle  having  been  four  days  before  under  the  meridian  theji 
departed  from  :  Required  the  difference  of  their  rate  of  failing,  and  th 
prefent  latitude  f 

As  the  fhip  and  floop  failed  from  the  fame  me 

dian,  and  the  floop  runs  ciire<5tly  eaft  j   therefc 

her  diftance  will  be  the  fhip's  departure. 

Now  in  4  days  are  96  hours. 

And  96  x  6  =  576  miles  Of  dep. 

Const.  Defcribe  the  quadrant  A?np. 

In  Kp  continued  take  Kb  —  576,  and  draw  b  b  parallel  to  a  nu  , 
Make  ?n  c  —  54  points,  and  thro'  c  draw  a  c  meeting  b  b  in  b. 
Thro'  b  draw  bd  parallel  to  b  a  meeting  a  m  continued  in  d. 

Computation. 


As  fin.  Cou.     ~  6i°  52'       0,0546c 
To  dep.  —   576  m.         2,76042 

SoRad  —   900  oo;     19,00000 


To  dift. 


=  653,2  m.     2,81502 


Now  96)653,2(6,8  m.  per  hour  the 

[fhip's  rate. 

.77* 


As  fin.  Cou.  =  6i°  52'  -0,01541 

To  dep.  zr:  $j6  m.  2,760 

So  cof.  Cou.  =:  6i°  52'  9,673 

To  diff.  lat.  =  308  m.  2,4 


And  6,b)30,8(  Then  Lat.  fr.  300  14. 
diff.  lat.  5  08 


S®  the  difference  of  their  rate  of  failing  is.T*,  or 


Lat.  in  25  06  1 

of  a  mile  per  hour. 
Qvis 
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Quest.  V.  A  Jhip  from  the  Lat.  48 •  if  N.  fails  SW.  hy  S.  until 
,  has  depreffed  the  north  pole  two  degrees :  what  direSt  dijlance  has  Jht 
m,  and  how  many  miles  is  Jhe  got  to  the  wejlward? 

To  dcprefs  the  pole  two  degrees,  the  fhip  mull 
fjl  fouthward  until  her  diff.  lat.  is  2  degrees,  or 
jjo  miles. 

Const,  ift.  Draw  ad  =  diff.  lat.  120  m. 
I   Defcribe   the  quadrant  a  m  p,  make   m  c  =  3 
pints. 

I  Thro'  c  draw  ab,  meeting  db  drawn  thro'  d 
pallel  to  a  p. 


I  :of.  Cou. 
T  diff.  lat. 
I&ad 

mm. 


=  33°  45; 

rr   120  m.         2,07918 

~  900  oo'     10,00000 


Computation. 
0.0801 


1 44>  3 


2,15933 


To  dep. 

r       C  Ship  has  run  144,3  miles. 

X  And  has  got  to  the  weftward  80,18  miles 


As  cof.  Cou. 

To  diff.  lat. 

So  fin.  Cou. 


=  33°  45'    0.08015 
=r   120  m.      2,07918 


=  33"  45' 
=  80,18 


9*74474 


1,90407 


)uest.  VI.  Two  ports  lie  under  the  fame  meridian,  one  in  latitude 
$  30"  Af.  and  the  other  in  latitude  47*  io'  N.  A  Jhip  from  the  fouther- 
m  fails  due  Eafl  9  knots  an  hour,  and  two  days  after  meets  a  foop  that 
hi  jailed  from  the  Northermojl  port :  Required  the  floofis  direff  courfe  and 
ihnce  run  ? 

[ere  the  diftance  the  fliip  fails  Eaft  is  the  floop's^ 

irture. 

Io w  2  days  =  48  hours. 

fhen  48  x  9  =  432  m.  =  departure. 

Sloop's  lat.  5  20  30'  N. 

Ship's  lat.  47    10N. 


Diff.  lat. 


5    20  z=  320  m. 


onst.  In  the  meridian,  take  ad  for  the  diff.  lat.  320  m.  and  per- 
pe  licular  to  a  d  draw  the  departure  db  =s  432  m.  and  draw  the  di- 
fta:e  ab. 

Computation. 


^siff  lat.      Tt  320  m. 

i'Mep.  =  43 2  m. 

==  450  oo' 


7,49485 
2,63548 

10,00000 


-^an.  Cou.  =  53     28      10,13033 

lfmA  The  floop  has  failed  S.  53'  28'  E.  or  SE.  \  E. 
\  And  has  rim  537,6  miles. 


As  fin.  Cou. 
To  dep. 
SoRad 

To  dill. 


=  53°  28' 
=  432  m. 

=:  900  oo; 

=  537.6 


0,09501 

2,63548 

10,00000 

2,73049 


Kk  2 


Quest. 
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Quest.  VII.    A  pip  from  a  port   in   latitude  38°  25'  S.  fails 
ttveen  the  S.  and  W.  at  the  rate  of  J I  knots  an  hour ;  three  days  a 
meets  a  foop,  who  two  days  before  had  failed  from  a  port   under  the  J 
meridian  the  Jhip  departed  from,    and  kept  on  a  weft  courfe   8   mi  lei 
hour :  Required  the  Jbip's  direct  courfe  and  prefeni  latitude  ? 


I      P 


j^Now  3  days  is  72  hours,  which  at  74  knots 
hour,  makes  540  miles  for  the  {hip's  run. 
And  2  days  is  48  hours,  which,  at  8  knots  an  h< 
makes  384  miles  for  the  floop's  run,  and  is  e< 

wfto  the  welling,  or  departure  of  the  fhip. 

D     Const.    Having  defcribed   the  quadrant  A  / 
make  A  h  —  384 ;  from  A,  with  540,  cut  b  B 
rallel  to  AD,  in  b;  draw  ab,  and  bd  parallel  to  A  p. 

COMPUTATION. 


As  Dift. 
ToRad 
So  Dep. 


~  540  m. 

90°  coy 


7.26761 

10,00000 

2,58433 


zz  384  m. 
To  fin.  Cou.     =  45°  20'      9,85  {94 


6,0)38,0(6*  20 


As  Rad  zz  90*00'     10,00 

To  ibiii.  zz  540  m.       2,73 

So  cof.  Cou.      =  450  20'       9,84 


To  diff.  lat.      s=  379,6         2,57 

.    ,       J  Courfe  S.  45°-  20'  W.  or  ! 
And  (380  25'  4-  6°  20'  5=)  440  45'3.         Wer  LPrefent  latitude  is  440  45' 

Quest.  VIII.  A  brig  from  a  port  in  latitude  280  38"  N.  fails  dut 
at  the  rate  of  84  knots  an  hour  ;  after  three  days  Jhe  meets  a  Jhip  who 
run  due  IV.  342  miles  from  a  port  30  leagues  to  the  eaftward  of  the 
ridian  that  the  brig's  crew  thought  themfelves  under  ;  who  alfo  fot 
they  had  not  incrcafed  their  latitude  by  24  leagues  fo  much  as  by  their 
count :  Required  the  true  courfe  and  clijlance  \he  brig  has  made  ? 

i      Now  84  knots  an  hour  for  3  days,  is  612  mi 
"zj  for  the  brig's  apparent  northing;  from  which  t 
ing  24  leagues,  or  72  m.  her  error  in  account,  hi 
m  540  miles  for  her  true  diff.  |at. 

And  as  the  fhip's  departed  meridian  is   30  leagt 
or  90  miles  to  the  eaftward  of  the  brig's ;  then  1 

p\ jj  a  taken  from  342  leaves  252  m.  for  the  wefting  ft 

the  brig's  meridian. 
So   that   the   brig  having  made  540  m.  northing,  and  252  m.  W 
\ng%,  her  courfe  and  diftance,  found  by  the  6th  cafe  (692),  will  b^ 
Courfe  N.  25*  oi'  W.  or  NNW.  |  W.  nearly.     '         ' 
pittance  595,9  miles. 


S  ECTIC 
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S  E  C  T  I  O  N    V. 

Of   compound  courfes. 


694.  A  Compound  course  is  an  irregular  track  which  a  fhip  makes 
1  a  known  time,  by  failing  on  feveral  different  courfes :  Or  where 
yo  or  more  cafes  of  Plane  failing  are  concerned. 

A  Traverse  is  a  Compound  courfe,  wherein  feveral  different  fuc- 
flive  courfes  and  diftances  are  known. 

)5»  To  work  a  Traverse, 

Or,   to  reduce  a  compound  courfe  to  a  fmgle  one. 

'  ift.  Make  a  table  of  fix  columns,  title  them  Courfe,  Dift.  N.  S.  E. 
T.  beginning  at  the  left  fide,  and  write  the  given  courfes  and  diftances 
their  refpeclive  columns. 

2d.  In  the  traverfe  table  (71 1,   712)    feek  the  given  courfes  and  dif- 
ices,  and   let  the  correfponding  differences  of  latitude  and  departures 
wrote  in  their  proper  columns  in  the  table  made  for  the  queftion. 

3d.  Add  up  the  columns  of  northing,  fouthing,  eafting,  and  weft- 
!*  j  then  the  difference  between  the  fums  of  the  northing  and  fouthing 
j^es  the  whole  difference  of  latitude  of  the  fame  name  with  the  greater  ; 
;jd  the  difference  between  the    fums  of  the  eafting  and  wefting  will 

the  whole  departure,  of  the  fame  name  with  the  greater. 

'4th.  The  whole  diff.  lat.  and  departure  to  the  compound  courfe  being 

iind,    the  direct  courfe  and  diftance  will  be  found  as  in  Cafe  VI.  of 
gle  courfes. 
6.  To  construct  a  Traverse. 

^ift.  Defcribe  a  circle  with  the  chord  of  60  degrees,   and  divide  it 
lio  4  quadrants  j  marking  the  north  point  with  N. 


2d.  Lay  off  each  courfe  on  the  circumference,  reckoned  from  its 
p>per  meridian  ;  and  from  the  centre  to  each  point  draw  fo  many  blank 
f'lii  j  mark  thefe  with  the  proper  number  of  the  courfe. 

3d.  On  the  firft  radius,  lay  the  firfl  diftance,  mark  its  extremity; 
ough  this  extremity,  and  parallel  to  the  fecond  radius,  draw  the  fe- 
ld  diftance  of  its  proper  length  ;  through  the  extremity  of  the  fecond 
tance,  and  parallel  to  the  third  radius,  draw  the  third  diftance  of  its 
>per  length :  And  thu$  proceed  until  all  the  diftances  are  drawn, 

4th.  A 
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4th.  A  line  drawn  from  the  extremity  of  the  laft  diftance,  to 
centre  of  the  circle,  will  reprefent  the  diftance  made  good ;  and  a  ll 
drawn  from  the  fame  point,  perpendicular  to  the  meridian  (lengthe 
if  neceflary),  will  reprefent  the  departure. 

697.  When  a  fhip  from  a  given  place  is  bound  to  a  known  pc 
and  on  fome  occafion   fhe  is  obliged  to  run  on  one  or  more  differ 
courfes,  not  in  the.dire£t  one  to  the  port;  and  then  wants  to  find 
direct  courfe  and  diftance  (he  muft  now  run  to  gain  her  port,  obfs) 
the  following  precepts. 

1  ft.  Find  the  diff.  lat.  and  dep.  between  the  fhip's  firfr,  place  and 
port  bound  to. 

2d.  Find  the  diff.  lat,  and  dep.  between  the  fhip's  firft  place  and 
place  fhe  is  come  to. 

3d,  If  thefe  differences  of  latitude  are  both  of  the  fame  name,  tj 
their  difference  for  a  new  diff,  lat. :  But  if  of  contrary  names,  t 
their  fum. 

4th.  If  the  departures  are  both  of  the  fame  name,  take  their  differe; 
for  a  new  departure  :    But  take  their  fum  if  of  contrary  names. 

5th.  To  this  new  difference  of  latitude  and  departure,  find  the  coij 
and  diftance  (692). 

6th.  If  between  the  place  failed  from  and  the  place  come  to,  th 
has  been  more  than  one  courfe :  To  each  courfe  let  the  diff.  lat. 
departure  be  found ;  and  let  their  fum  or  difference  be  taken  accord! 
as  they  are  of  the  fame,  or  of  contrary  names ;  and  this  will  give 
diff.   lat.  and  departure  between  the  place  failed   from  and  the  plj 
come  to :  Then  proceed  by  the  3d,  4th  and  5th  precepts. 


698,  To    CONSTRUCT   A    COMPOUND    COURSE. 

iff.  Defcribe  a  circle,  in  which  draw  the  meridian  and  parallel 
the  place  failed  from. 

2d.  Conftruct  the  triangle  between  the  place  failed  from,  marked  , 
and  the  place  bound  to,  marked  b  j  and  let  the  interferon  of  the  c 
lat.  and  departure  be  marked  d. 

3d.  Conftru£t  the  figure  between  the  place  failed  from,  or  a,  : 
the  place  come  to,  marked  c  ;  and  let  the  interfeclion  of  this  diff. 
and  departure  be  marked  e. 

4th.  Through  c  draw  cf  parallel  to  ad,  meeting  bd,  continued, 
neceflary,  in  f  ;  and  draw  cb. 

5th.  Then  in  the  triangle  cfb,  the  lines  cf,  fb,  cb,  will  reprel 
the  diff.  lat.  departure  and  diftance  between  the  place  come  to,  and 
place  bound   to. 

6th.  From  the  centre  a  draw  a  line  parallel  to  cb,  in  the  direcT. 
from  c  to  b,  and  this  fhews  the  courfe  wanted. 
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19. 


Examples  to  exercife  traverfe  failing. 


Question  I.   A  Jhip  fails  from  a  place  in  latitude  240  32'  N.  and 

j  run  the  following  courfes  and  di/lances,  viz. 

1 .  SW.  b.  W.  dift.  45  m.     2d.  ESE.  dift.  50  m.     3d.  SW.  dift.  30  m. 

1.  SE.  b.  E.   dift,  60  m.     5th.  SW.  b.   S.   £  W.  dift.  63  m. 

I  Required  her  prefent  latitude,  with  the  dirett  courfe  and  dijlance  between 

j  place  failed  from,  and  the  place  come  to  ? 

Conftruct  the  traverfe  table  by  art.  695,  and  the  figure  by  art.  696. 


Traverse   Table. 

j  Courfes. 

Dii 

N. 

s. 

25,0 
1 9, 1 

E. 

W. 

W.  b.  W. 

IE. 

45 

5° 

46,2 

37>4 

V. 

*Q 

21,2 

21,2 

:.  b.  e. 

'/.b.S.i.W. 

1 

5o 
&3 

33»3 
50,6 

49>9 

37>5 

T4Q.2 

QD.I 

q6,i 

1 

*T 


The  traverfe  table  being  com- 
>.  ited  5  the  fum  of  the  fouthings 
I  49,2  miles,  and  fo  far  the  (hip 
1  got  to  the  fouthward,  or  alter- 
:<  ler  latitude. 
low  149  miles  is  20  29' 
"hen  Lac.  from  24    3Z  N.  , 

Diff.  lat.  2    29  S. 


Prefent  lat. 


22 


03  N. 


""he  miles  of  departure  in  the 
&  column  are  96.,  1  ;  and  thofe 
•nhe  weft  column  are  alfo  96,1  : 
3i  as  the  eaft  and  weft  departures 
jir  directly  oppofite,  they  deftroy 
W  another,  and  the  fhip  in  her 
Went  ftation  has  made  no  depar- 
•u  ;  therefore  fhe  is  under  the 
»i2  meridian  failed  from:  Confe- 
l^itly  her  courfe  made  good  is 
11 5tly  fouth  ;  and  her  diftance  is 
>h  fame  as  the  difference  of  lati- 
te  >  which  is  149,2. 


In  this  figure,  the  circle  which  is 
defer ibed  with  the  chord  of  6o°, 
reprefents  the  horizon,  the  centre 
whereof  is  the  place  the  fhip  fai-led 
from;  thro'  which  are  drawn  the 
two  diameters  at  right  angles  to  one 
another,  the  one  reprefenting  the 
meridian,  the  other  the  parallel  of 
latitude  the  fhip  departed  from  : 
On  the  circumference  is  laid  the 
feveral  courfes,  and  numbered  1, 
2j  3?  4>  5.  On  the  firft  rhumb  a  i, 
is  laid  the  firft  diftance  a  a  3=  45  ; 
thro'  a,  and  parallel  to  the  rhumb 
A  2,  is  drawn  the  fecond  diftance 
a  b  r=  50  ;  thro'  b,  and  parallel  to 
the  rhumb  a  3,  is  drawn  the  third 
diftance  be—  30  ;  thro'  c,  and  pa- 
rallel to  the  rhumb  a  4,  is  drawn 
the  fourth  diftane  c  d  =  60 ;  thro' 
d,  and  parallel  to  the  rhumb  a  5, 
is  drawn  the  fifth  diftance  dc  =63. 

Quest. 
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Quest.  II.  A  Jhip  from  the  latitude  28°  32'  N.  has  run  the  foUnd 
courfes,  viz, 

ift.NW.b.N.dift.aom.  2d.  SW.  dift.     40m.  3d.  NE.b.  E.dift.6<w 
4th.  SE.  dift.      55  m.  5th.W.b.S.  dift.  41m.  6th. E.NE.  dift.    6(ti 

Required  her  prefent  latitude,  with  the  direcl  courfe  and  dijiance  beh 
the  place  failed  from  and  the  place  come  to  f 

ConftrucT:  the  traverfe  table  by  art.  695,  and  the  figure  by  art.  6( 


Traverse    Table. 

Courfes. 

Dif 

N. 

S. 

E. 

W. 
11, 1 

NW.  b.  N. 

20 

16,6 

SW. 

40 

28,3 

28,3 

NE.  b.  E. 

60 

33-3" 

49.9 

SE. 

?1 

38,9 

38,9 

W.  b.  S. 

41 

8,0 

40,2 

ENE. 

,    /■    ■ 

66 

2?>3 

7^2 

61,0 

149,8 

79.6 

79>6 

70,2'Dep. 

The  traverfe  table  being  filled 
up,  the  fum  of  the  northings  and 
fouthings  are  both  75,2  miles ; 
which  being  of  contrary  dire&ions, 
fhew  that  the  fhip  has  returned  to 
the  fame  parallel  of  latitude  failed 
from. 

The  fum  of  the  eaftings  is  149,8, 
and  that  of  the  weftings  is  79,6 ; 
their  difference  70,2  fhews  that  the 
fliip  has  gained  fo  much  to  the 
eaftward,  that  being  greateft. 

Confequently  the  courfe  made  good  is  due  Eaft. 

And  the^  diftance  is  70,2  miles 


Here  A  is  the  place  failed  fri 
and  c  is  the  place  the  fhip  is  c 
to,  by  failing  along  the  lines 
a  b,  be,  c  d,  de,  ec. 

The  diftance  fhe  has  got 
a,  is  reprefented  by  Ac  ;  w 
alfo  exprefles  the  rhumb  bet\ 
A  and  c. 


Qu 
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'Quest.  III.   Since  yejlerday  noon  we  hive  run  the  following  courfes  : 
1  ft.    SW.  b.  S.  20  m.     2d.    W.       16  m.     3d.    NW.  b.  W.   28  m. 

.4th.  SSE.  32m.     5th.  ENE.  14m.     6th.  SW.  36m. 

WVhat  diff.  lat.  and  departure  has  the  J&ip  made,  and  what  is  her  diregi 

mrfe  and  dijlance  ? 


Traverse  Table. 

\H 

- 

Dourfes. 

20 

N. 

S. 

16,6 

E. 

W. 
1  i,i 

N.  b.  S. 

' . 

16 

16,0 

W.  b.  WJ28 

15,6 

H* 

;e.       _  \3z 

29,6 

12,3 

ME.           14 

5.4 

1 2,  g 

N.            I36 

21, c 

25,5 

75>9 

Z5,z 

2I,C 

25,2 

D.lat. 

<0.7 

Dep. 

^0,7 

L.— Xi 


is  the  D.  lat.  and  Dep.  are  equal,  the  courfe  is  S.  450  W.  or  SW. 
l,Asf.Z.A:cE::f.Z.E:AC    Orf.45°oc/ :  50,7  m.  ::  f.90°oo/:  71,7m. 

^uest.  IV.  Two  Jhips,  A  and '  R,  part  company  in  lat.  310  31'  N.  and 
if  together  agdin  at  the  end  of  two  days,  having  run  as  follows  : 
rft.NNE.  96m.  2d.WSW.96m.  3d.  ESE.  96m.  4th.NNW.96m. 
ft.NNW.  96m.  2d.  ESE.  96  m.  3d.WSW96m.  4th.  NNE.  96m. 
lequired  the  lat.  arrived  in,  with  the  dire  Si  courfe  and  dift,  of  each  jhip  ? 

I  is  the  courfes  fleered  by  both  (hips    are  equally  diftant    from   the 
idian  ;  therefore  one  traverfe  will  ferve  for  both, 


Traverse  Table. 


,-ourfes. 


ME. 
SW. 
E. 
MW. 


^- 


88,7 


»77>4 

73.4 


""4,0 


36»7 
36>7 


73>4 


D.lat. 


36» 


125,4 


W. 


125,  /| 


"VJ "' 


^here  being  no  departure,  and  the  diff.  lat.  being  N. 

therefore  the  courfe  made  good  is  N.  and  the  diftance  is  1C4  miles. 

■  he  lat.  arrived  in  is  3  30  1 5'  N. 

L   1  QtJEfT. 
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Quest.  V. 

ift.  SE.  b.  S. 
4,th.  ENE. 
7th.  Weft 
10th.  North 
13th.  Weft 
16th.  South 
19th.  E.  I  S. 
22d.  NNE. 


PLANE    SAILING.' 

Suppofe  a  /hip  from  the  lat.  of  40°  00'  N.  fails  as  folic 


29  m.  2d.  NNE.     10  m. 

50m.  5th.  SSE.      iora, 

25  m.  8th.  SSE.      10  m. 

110  m.  nth.  E.|N.  62  m. 

62  m.  14th.  North  10  m. 

10  m.  17th.  Weft    62m. 

62m.  20th.  South  1 10 m. 

10  m.  23d.  Weft     25  m. 


3d.  ESE.  5c 

6th.  NE.  b.  N.  2c 

9th.  WSW.  4  W.  J 

1 2th.  North  ,  j 

15th.  Weft 

1 8th.  South 

21ft.  WNW.  |W.  4: 


Required  the /hip's  place,  with  the  direSf  courfe  and  dijlance.  ? 


! 

Traverse  Table. 

Courfes. 

D. 

N. 

S. 

24,1 

E. 
16,1 

W. 

SE.  b.  S. 

a 

NNE. 

10 

9,2 

3,8 

ESE. 

1° 

19,1 

46,2 

ENE. 

50 

19,1 

46,2 

SSE. 

to 

9'2 

3,8 

NE.b.  N. 

l9 

24,1 

16,1 

Weft 

z  5 

25,0 

SSE. 

10 

9>2 

3,8 

WSW,fW. 

42 

12,2 

4°>2 

North  * 

no 

no, 

E.*N. 

62 

9,' 

61,3 

North 

7 

7»° 

I  Weft 

62 

62,0 

North 

10 

10,0 

Weft 

8 

8,0 

South 

IC 

IO,C 

Weft 

62 

62,0 

South 

7 

7>° 

E.fS. 

62 

9,1 

61,3 

South 

110 

uo,e 

WNW.fW. 

42 

12,2 

40,2 

NNE. 

IC 

9,2 

3»* 

Weft 

25 

209, 

25,0 

1 

'2o.g,c 

j  262,/! 

1.  262,4 

As  the  difFerence  of  latitude  and  departures  are  equal  j  therefor* 
(hip  is  returned  to  the  place  (he  failed  from* 


Qu 
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Quest.  VI.  The  laft  24  hours  we  have  run  the  following  courfes,  viz. 
ft     SE.  40  m.     2d.     NE.     28  m.     3d.     SW.  b.W.  52  m. 

th.  NW.  b.W.  30  m.     5th.   SSE.    36  m.     6th.    SE.  b.  E.     58  m. 

Required  the  prefent  latitude,  departure,  direc?  courfe  and  dijlance  ? 


Traverse  Table. 

Courfes. 

D. 

N. 

S. 
28,3 

E. 

W. 

-* 

I. 

40 

28,3 

E. 

2S 

iq,8 

iq,8 

AT.  b.  W. 

?z 

28,9 

43,2 

W.  b.  w. 

jfe 

16,7 

24,9 

SE. 

J6 

zw 

13,8 

I.  b.  E. 

5* 

36.S 

32,2 
122,7 

48,2 
110,1 

68,1 

36,5 

68,1 

D.lat 

86,2 

42,0 

Dep 

N 


..►*'" 


f' the  courfe.  As  86,2  m. :  42  m. ::  Rad  :  t.  25°5o/.  Or  SSE.^E.  nearly. 
F  thediftance.  As  f.  250  59'  :  42  m.  :  :  Rad  :  95,87  m. 

^uest.  VII.  Yejlerday  noon  we  were  in  lat.  30 18'  5.  and  fmce  then  we 
h  e  plied  on  the  following  courfes,  viz. 

t.    NNE.    22  m.     2d.    N.  b.  W.     30  m.  3d.    NE.  b.  E.     40  m. 

h.  ESE.      25  m.     5th.  SSW.           1 8  m.  6th.NW.b.N.i-W.5om. 

•h.  NE.|E.  42  m.  8th.  W.b.S.iW.45  m.  9th.  SW.  b.  S.  20  m. 
ib.  E.b.N.i-E.  62  m.  Required  our  prefent  lat.  and  departure,  with 
th  courfe  and  dijlance  made  good  ? 


Traverse  Table. 

i 

)urfes. 

D. 

N. 

S. 

E. 

W. 

IS. 

22 

20,3 

8,4 

I  b.  W. 

3  c 

29,4 

^ 

iB.b.E. 

40 

22,2 

33>3 

IE. 

21? 

9,6 

23,1 

jpr. 

18 

16,6 

6,b 

p.b.N.IW. 

so 

38,6 

3i»7 

tti.  \  E. 

42 

26,6 

32.S 

Tb.S.fW. 

^ 

4,4 

44,8 

W.  b.  S. 

20 

16,6 

1  i,i 

I 

b.N.^E. 

62 

q,i 

61,3 

158,6 

ioo,r 

146,2 

47>2 

■I* 
i 

47'2| 

100,2 

1 

99,o'D  lat 

q8,4 

Dep 

Ir  the  courfe.  As  99  m.  :  58,4m.  :  :  Rad  :  t.  300  32'.  Or  NNE.|E. 
h  the  dift,     Asf.  300  32'  :  58,4  m.  :  :  Rad  :   115  the  diftance. 

LI  2  Quest. 
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Quest.  VIII.  Tejierday  noon  we  were  in  lat.  330  15' N.  and  bouru 
a  port  in  lat.  28°  35'  N..  lying  196  miles  to  the  wejl ;  and  this  day  at  n 
we  are  in  lat.  3d0  20'  N.  having  made  168  miles  of  wejling ;  Required 
direft  courfe  and  dijlance  to  our  intended  port  ? 


4   Lat.  from  330  15'  N. 
J!\      Lat.  to       28    35  N. 


DiiF.  lat.      4   40  —  280  m. 


Lat.  from  330  15'N. 
Lat.  in       30    20  N. 


DifF.  lat. 


2    55 


The  figure  is  conftructed  hy  art.  698. 

Thus.  In  the  meridian  take  ad  =  280,  ae"i 
175  ;  in  db,  ec,  drawn  parallel  to  the  parallel 
lat.  a  />,  take  bd  =  196,  ec  =  168  ;  draw  ab,  J 
cb  ;  and  draw  cf  parallel  to  ad,  and  a  c  paralle 

CB. 

Then  A  is  the  place  failed  from  ;  c  the  place  come  to;  b  the  pi 
bound  to ;  cb  the  diftance  the  fhip  has  to  fail  -3  and  the  arc  mc  meafi 
the  angle  of  the  courfe  me  rauft  fail  on. 

From   ad 


B  F 


Take    ae 


—  280 

-  '75 


Leaves  ed  —  cf  — 


From  de  ~     195 

Take    ce    —   fd  =     168 


Leaves  bf 


=       28 


In  the  triangle  cfb. 
To  find  the  Courfe.  To  find  the  diftance. 


As  cF.diff.  lat.     =105  7,97881 

To  bf,  dep.         —  28  i,447i5 

So  Rad                 zr  450  oo7  10,00000 

Tot.Z.BCF,t.Co.=  14   55  9>4Z596 


As  fin.  Cou.     r:   140  55'       0,58 
To  Dep.  =  28  m.  1,44 

So  Rad  z:  90    co      io.cp 


To  Dift. 


=  108,8 


2,03 


Anfvver  :  Courfe  is  S.  140  15'  W.  or  S.  b.  W.  *  W.     Dift.  108,8  miles 

Quest.  IX.  A  JJnp  from  latitude  140  25'  N.  and  bound  to  a  pom 
latitude  50  18'  N.  lying  476  miles  to  the  eajlward;  finds  Jhe  has  made  t\ 
miles  of  fouthing,  and  150  of  cajling  :  Required  the  courfe  and  dijlamt 
has  to  fail,  to  reach  her  intended  port  ? 

The  figure  is  conftrucled  by  art.  698. 


Lat.  Iroin 
Lat.  to 

Diff.  lat. 

AU 
AE 


»4 

5 


25'  N. 
18  N. 


9    07  ~  547  miles. 


CF 


547 
400 

H7 


Then  cf  :  fb 
And  f,  Z.FCB 


DB 
EC 


FB 


Rad  :  t.  Z.ecf.     Or   147  :  %'z6  :  :  t.  450  :  t.  650 
Rad  :    cb.     Or  f.  650  44'  :   326  : :  f.  90°  :  35 


Aafwer.     Courfe  is  S.  65"  44'  E. ;    or  SE.  b.  E,  |  E. 


Diftance  357'°  n 
Qv 


£T 


6 


. 
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Quest.  X.  Four  days  ago  we  were  in  lat.  4«-  39'  S.  long.  S^*  16'  E. 
t  London  ;  and  now  we  are  in  lat.  o°  35"  N.  having  made  200  miles  of 
1 fling:  Required  our  prefent  courfe  and dijlance  to  Achen  in  the  IJlandof 
t  matra  ? 


The  fig.  is  conftru&ed  by  art.  698. 


Lat.  from 
Lat.  to 


4°  39' S. 

5    i5  N. 


DifF.  lat.      9    54  =  594  miles. 


Lat.  from 
Lat.  in 


4°  39'  S. 
o   35  N. 


DifF.  lat.      5    14  =  314  m. 


Long,  from     830  i6'E. 
Long,  to         95   55  E. 

DifF.  long.       12    39  =  759  miles. 


AD 

AE 


594 
3H 


ed  — :  280  =:  cf. 


db  =  759 

FD    —    200 
FB    ±;    959. 


CE 


In  the   triangle   cfb,  to  find  the  courfe  and  diftance. 
IscF  :  fb  ::  Rad  :  t.z_FCB.  Or 280  :  959  ::  t.45°oo'  :  ^73*43'. 
if.Z.FCB  :  fb  ::  Rad  :  cb.  Orf.73°43':  959  :  :  f.  9c0  00' :  999. 
*    ,      J  The  courfe  is  N.  730  43'  E.  or  ENE.  ~  E. 
1  I  The  diftance  is  999  miles. 

.Quest.  XI.  A  Jhip  from  the  lat.  io°  38'  N.  and  bound  to  a  port  lying 
©2  miles  to  STV.  b.  S.  after  three  fuccejjive  days  of  badiueatber,  finds  her- 
ff  in  lat.  30  58'  N.  and  120  miles  to  the  eajlward:  Required  her  prefent 
tirfe  and  dijlance  to  her  intended  port  f  A  ivl 

The  figure  is  constructed  by  art.  698. 

tn  the  triangle  abd,  find  ad  and  bd. 


As    Rad  :    ab 
Or   Rad  :  '282 
And  Rad  :  ab 
Or    Rad  :  282 

-at.  from  io°  38'  N. 
-at.  in  3    58  N. 


f.  AB 
f.    56°     15 
f.    A.    BAD 

f-  33°  45' 


AD. 

•    234,5- 
BD. 

156,6. 


B 


AE 
AD 


~    400 

—   -^4>j 


^ifr.  lat.       6    40  =  400  m.     de   =  cp  =   ^5,5 


BD 

EC 


s6,6. 


—  276,6 


In   the  triangle  cfb  find   the  courfe  and  diftance. 
s     cf  :  fb  :  :  R  :  t.z.FCB.     Or  165,5  :  276,6  ::  Rad  :  t.  590  06'. 
s  f.  /_  fcb  :  fb  :  :  R  :  cb.     Or  f.59°6^i  276,6  : :  Rad  :     322,4. 

\  Diftance  is  3^2,4  miles.  Qpfrr. 
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Quest.  XII.  A  Jhip  In  the  tat.  170  10'  N.  is  bound  to  a  port  in 

lat.  1 30  io/  N.  the  departure  being  180  miles  wejlivard ;  fails  the/e  cout 

1  ft.  SW.  b.  W.  27  m.     2d.  WSW.iW.  30  m.     3d.  W.  b.  S.  25 1 

4th.  W.  b.  N.    18  m.     5th.  SSE.  32  m.     6th.  SSE.  |  E.  27  r 

7th.  S.  b.  E.       25  m.     8th.  South  31  m.     9th.  SSE. .       39  1 

Required  her  prefent  lat.  and  the  direft  courfe  and  d't/lance  to  the  dej, 
port  ? 


The  figure  is  cOnftru&ed  by  art.  698. 


Depart,  lat.   ,17*  10' N. 
Lat.  bound  to  1 J    1  o  N. 


Traverse  Table. 

Courfes. 

D 

N. 

S. 

E. 

W. 
22,4 

SW.  b.  W. 

27 

15,0 

WSW.fW. 

\c 

8,7 

28,7 

W.  b.  S. 

ZS 

4.9 

24,5 

W.  b.  N. 

iS 

3>6 

*7,7 

SSE. 

?2 

29,6 

12,2 

SSE.f  E. 

ll 

23,1 

i3,9 

S.  b.  E. 

2S 

24>S 

4.9 

South 

V 

31,° 

■ 

SSE. 

3S 

36,0 

H>9 

3,6 

172,8 

45,9 

93>3 

1 

3,6 

45>9 

i},kt 

[6q,2 

Dep. 

47,4 

Diff.  lat. 


4    oor  24a 


j£    {N'\ 


► 

cV 

p 

:..w 


Now  1 70  io'N.  ~  Dep.  lat. 
6o)i69(    2   49  S.  —  Diff.  lat. 

.14   21  N.  =  Pref.  lat. 


B 


Arid  ad  =2  240,0  1  Alfo  et>  r:  180,0 


169,2 

CF=ED  —      70,8 


CE 


474  = 


bf  r:  132,6 


In  the  triangle  cfb; 

To  find  the  courfe.     cf  :  fb  : :  Rad  :  t.Z_FCB. 

Or,  70,8  :  132,6  :  :  Rad  :  t.  6i°  54'. 
To  find  the  diftance.     f.  z_fcb  :  fb  :  :  Rad  :  cb. 

Or,  f.6i°  54'  :  132,6  :  :  Rad  :  150,3. 

The  prefent  latitude  is  14°  2i'N. 
!    Courfe  is  S.  61°  54'  W.  or  SW.  b.  W.  £ 
Diftance  is  150,3  miles. 


,- 


In  this  queftion  a  is  the  place  the  fhip  fails  from. 
b   is  the  place  me  is  bound  to. 
c   is  the  place  come  to  by  the  traverfe. 
And  cb  is  the  rhumb  fhe  muft  fail  on  to  come  to  B.  <J 

Que'. 
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Qjjest.  XIII.  Tejlerday  noon  we  were  in  latitude  o»  15'  S.  and  bound  to 
port  bearing  NE.  b.  N.  |  E.  in  latitude  2°  15'  N.  j  by  the  log  we  have 
n  the  following  courfes,  viz. 

Nty,         25  m.    NE.b.E.  28  m.    E.b.S  .  'E.  32  m.    NNE.4im. 
ISE.  4  E.  24  m.    NE.b.N.  39  m.     WSW.        24  m, 

i 

Required  the  /hip's  place,  with  the  direcl  courfe  and  dijlance  to  the  in- 
.idedport? 


The  cliff,  lat.  ad  =  150  m. 

t 

'•In  the  triangle  adb,  the  departure 

;$  will  be  found  to   be  123  m. 

In  the  traverfe,  the  diff.  lat.  ae  z= 
1,6  ;  and  the  departure  EC  =  75,4 
}les. 

In  the  triangle  cfb,  where  cf 
:  67,4;  fb  =  47,5;  the  courfe  is 
]  350  14/  E.  or  NE.  b.N.^E.j 
«1  the  diftance  is  82,51  miles. 


Quest.  XIV.  A  Jhip  from  the  latitude  of  180  14'  N.  is  bound  to  a 
%i  bearing  SW.  b.  S.  |  IV.  and  138  miles  to  the  wejlward-t  having  failed 
t  following  courfe  s,  viz. 

33W.     22  m.    S.  b.  E.  4  E.  38  m.    NNE.  30  m.    WSW.  $7  m. 
MNW  45  m.     S.  b.W.  i-W.  50  m. 

1  Required  the  flip's  place,  with  the  direcl  courfe  and  dijlance  to  the  defired 


„»'**"    [N 

"n  the  triangle  adb,    the  diff.  lat:  /  \ 

|[i  will  be  found  to  be  168,2  miles.  /  \\ 

n  the  traverfe,  the  diff.  lat.  ae 
=  57  m.  and  the  departure  ce  = 
7  3  m- 

n  the  triangle  cfb,  where  cf  = 
I  ,2;  fb  =  67,7; 

The  courfe  is  S.  310  20' W.   or 

the  diftance  is  130,2  miles. 


{ 


\ 
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Quest.  XV.    A  Jhip  in  the  lat.  of  i°  00'  S.  is  bound' to  a  port  in 
1*  to'  N.  dijiant  220  miles  in  the  NIV.  quarter \  and  meeting  with  c 
trary  winds,  runs  the  following  courfes,  viz. 

NE.  by  N.  63  m.     NW.  \  W.  85  m.     North  96  m.     NNW.  87 

Required  the  flip's  place,  and  the  courfe  and  dijiance  to  her  port  ? 

In   the  triangle    adb,    the  coijb 
dab  will  be  found  =  530  47' ; 
the  departure  db  t~z  177,5  miles. 
In  the  traverfe,   the  difFerence, 
lat.  ae  =  285,9. 

The  depart,  ec  ss  61,3. 
In  the  triangle  cfb. 
Where  CFr=(AE—^AD=)  155I 
bf  =  (db  —  ce  =)  nil 
The  courfe  fcb  =    360  42'. 
The  dift.       cb   m  194,4. 

f  The  pref.  lat.  30  46' j 
Anfwer <  The  courfeSW.b.S.| j 
C  Diftance  194,4  m. 


Quest.  XVI.  A  Jhip  in  the  lat.  of  i°  36'  N.  is  hound  to  a  port  /j 
to  the  S.  eajiward,  dijiant  420  miles,  and  180  miles  to  the  eajiward  \ 
having  plied  on  the  following  courfes,  viz. 

SE.b.E.  59  m.  SSE.  4E.  84  m.  S.^W.  92  m.  WSW.  4^ 
W.b.N.  25  m.  S.b.E.4E.62m.  ESE.  89  m.  E.  b.  N.  37) 
£SE.£E.95m. 

Defires  to  know  her  place,  and  the  direcl  courfe  and  dijiance  to  her  po 


y W'A 

r*  :  \ 

a! 


\ 

yS.                    1           * 

V 

\      \           /            « 

»# 

\Y    « 

***•>•• 

V      • 

J\          : 

V-^    \        3 

^^-v^  \     5 

E 

Ai/I 

In  the  triangle  adb. 
The  courfe  is  S.  250  23'  E. 
The  diff.  lat.  ad  =  379,5. 
In  the  traverfe  a  EC 
The  diff.  lat.  ae  ==  324,2. 
The  depart.  ec  =  247,4. 
The  pref.  lat.  is  ,3*  48'  S. 
In  the  triangle  cfb. 
The  diff.  lat.  cf  ±=  55,3. 

Depart,  fb  —  67,4. 

Courfe  is  S.  500  38'  W. 

Or  SW.  4  W. 
The  diftance  cb  =  87,18  miles. 
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Quest.  XVII.  A  Jhip  from  the  latitude  of  A°  10'  N.  being  to  make  an 
'and  that  bears  NE.  b.  N.  dijiant  196  miles  ;  having  run  thefe  courfes,  viz. 
E.4E.  75m.  £SE.  IE.  42  m.  NNE.4E.  52m.  N.  b.W.  34  m. 
^E.4-E.49m.  Defer es  to  know  her  prcfcnt  latitude ,  with  her  dire 61 
\rfe  and  dijlance  to  the  IJlandf 


In  the  triangle  ade. 

The  diff.  lat.  ad  =  163. 

'The  depart,   db  =  108,9. 

In  the  traverfe  Aec. 

[The  diff  lat.  ae  =  128. 

The  depart.   ec  =  160. 

And  the  prefent  lat.  is  6°  1 8'  N. 

\.n  the  triangle  cfb. 

I  The  diff.  lat.  cf  r=  35. 

The  depart,  fb  =.  51,1. 

The  courfe  is  N.  550  36'  W. 

)r  NW.  b.  W.  nearly. 

The  diflance  cb  =  61,93  ra^es« 


r> 

15 

F 

3E 

""C 

TS 

/ 

|)uest.  XVIII.  Two  Jhips  take  their  departure  from  the  Lizard  in 
^!49*  Si'  N.  ;  one  bound  to  St.  Michael's,  which  lies  715  m.  to  the  S. 
V  745  m.  to  the  wefl ;  the  other  bound  to  Lijbon,  lying  661  m.  to  the  5. 
«  215  m.  tuejl,  reckoning  fro?n  the  Lizard:  They  fail  in  company  SW. 
W,  610  miles,  and  then  part :  What  is  the  dirett  courfe  and  dijlance  of 
!8[  Jhip  to  her  port  f 


\\  the  triangle  adc. 
'he  diff.  lat.  ad  =  387  m. 
he  depart,  dc  =471,501. 
1  the  triangle  cgl. 
"he  courfe  is  S.  430  07' E. 
|r  SE.  b.  S.  I  E.  nearly, 
he  diftance  cl  r=  375,3  m. 

the  triangle  chm. 
ihe  courfe  is  S.  390  49'  W. 
|r  SW.  b.  S.  1  W.  nearly. 
Ihe  diftance  cm=  427,1  m. 


M        K 


n  ro 
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.  Quest.  XIX.  A  pip  in  lat.  43*  20'  N.-  long.  150  10'  W,  is  bounc\ 
St.  Michael's,  bearing  S.  460  \ti  W.  in  the  lat.  380  13'  N. -,  and  J\ 
thence  /he  is  bound  to  Madeira  in  lat.  320  25'  N.  and  dijlant  from 
Michael's  <,l\m.  in  the  SE.  quarter  :  Required  the  dijlance  to  St.  Michel 
the  courfe  from  thence  to  Madeira,  together  with  the  courfe  and  dijlance  j  | 
Madeira  to  the  Ijland  of  Palma  in  lat.  28?  35'  N.  long.  170  13'/^ 


In  the  triangle  abc. 

The  diftance  to  St.  Michael's,  AC,  r=  444, 

The  departure  bc  =  320,9  m. 

In  the  triangle  ced. 

The  courfe  from  St.  Michael's  to  Madei 
S.  47?  23' E.  or  SE.  i  E.  nearly. 

The  depart,  ed  =±  378,2  m. 

In  the  triangle  dfg. 

The  courfe  from  Madeira  to  Palma  is  S. 
05'  W.  or  SW.  b.  S.  -I W.  nearly. 
The  diftance  do  —  292,3  m. 


Quest.  XX.  Departing  from  St.  Mary's,  one  of  the  Azores,  and  i 
to  the  river  Sierra  leone,  after  running  SE.  36  hours  at  7    knots  an 
ray  fea  compafs  was  fpoiled  by  a  flajh^  of  lightning;  then  after  8  dtfjtfiB 
run  between  the  S.  andJV.  I  met  a  Jhip  injat.  10*  oo"  N.  long.  36?  id 
and  bound  to  Mayo,  one  of  the  Cape  Verd  Ifles,  to  which  I  failed  h 
company  :  Required  my  courfe  and  dijlance  in  the  8  days  run ;  alfo  the  I 
■while  J  failed  in  company  j  and  the  fame,  from  Mayo  to  Sierra  leone  P 


was 


In  the  triangle  ABC. 

The  diff.  lat.  =  depart,  or  a 
bc  ==  178,2  m. 

In  the  triangle  cfd. 

The  courfe  was  S.  49*  07' 
or  SW.  I  W.  nearly. 

The  diftance  cd  =  1286  m 

In  the  triangle  dgi. 

The  courfe  to  Mayo  at  I, 
S.  71°.  51'  E.  orESE.  4  E.  ne; 

The  diftance  di  =  9.01,8  m. 

In  the  triangle  ilm. 

The  courfe  to  Sierra  leone 
S.  550  05'  E.  or  SE,  b.  E.  nearly  3  ,and  the  dift.  im  =  682,. 
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SECTION      VI. 
[>6.  Of   oblique  failing. 

In  the  preceding  fecrions,  the  bearing  and  diftances  of  places  were 
ii:ermined  by  the  folution  of  right  angled  triangles  :  But  at  fea  there 
[  ng  many  cafes  wherein  only  oblique  pofitions  can  be  obferved,  there- 
f  e  'tis  neceffary  to  fhew  how  fuch  cafes  are  to  be  folved  ;  which  v/ill 
[  amply  illuftrated  in  this,  and  fome  of  the  following  feftions. 

To  fet  an  object,  is  to  obferve  what  rhumb  or  point  of  the  nautical 
tnpafs  is  directed  to  it. 

The  bearing  of  an  object,  is  the  rhumb  on  which  it  is  feen  :  And  the 
bring  of  one  place  from  another  is  reckoned  by  the  name  of  the  rhumb  ' 
fling  thro'  thofe  two  places. 

[n  every  figure  relating  to  any  cafe  of  plane  failing;  the  bearing  of  a 
I p.  not  running  from  the  centre  of  the  circle  or  horizon,  is  found  by 
i  wing  a  line  parallel  thereto,  from  the  centre,  and  towards  the  fame 
c  irter. 

The  figures  belonging  to  the  queftions  in  this  feclion  are  in  Plate  III. 
a  he  end,  wherein  the  figures  are  referred  to  by  the  number  of  the 
[MKon. 

■Question  I.  Two  flips,  a  and  b,  fail  from  two  IJldnds  bearing  the 
k  from  the  other  NE.  and  SJF>  their  diftance  being  76  miles  ;  A  fails  S. 
Id.  and  B   runs  E.  b.  S.  at  lafl  they  meet :  How  far  has  each  failed? 

m 
.  -/ONStruction.    With   the  chord  of  6o*   defcribe  a  circle   repre- 

fc :ing  the  horizon  of  one  of  the  places  failed  from,  fuppofe  of  A,  the 
hthern ;  draw  the  meridian  ns,  and  at  right  angles  to  it  draw  the  pa- 
id ew. 

n  this  circle  lay  off  the  STV.  rhumb  s  0,  the  S.  b.  E.  rhumb  s  p,  and 
u  E.  b.  S.  rhumb  s  m:  Thro'  0  draw  ab  equal  to  76  miles. 

Thto'  b  draw  bc  parallel  to  a  #z,  meeting  ac  drawn  thro'  p. 

Then  a  and  b  reprefent  the  places  failed  from  ;  Ac  and  bc  the  diftances 
u  courfes  (when  properly  compared  with  the  meridian)  the  mips  had 
kid  when  they  met  at  c. 

The  diftances  Ac,  bc,  may  be  meafured  from  the  fcale  ab  was  taken 
frn. 

Computation.    In  the  triangle  abo  there  is  given  one  fide  ab, 
»f  all  the  angles,  to  find  the  other  fides. 
■  hus,  /LA  — 5  pts.  =  56°  15'.     For  s  0  and  sp  make  5  pts.  meaf.  Z.A. 
Z.B  =  5pts.=:56  15.     For  bc  isparal.  Am ;  and  Z_b  =  Z_ba  n 

(185)  =  5  pts. 
£_cr=6pts.r=67  30.     ForBC  is  paral.  Am\  and  /_c^=zZ_CAm 
■  (185)  =  6  Pts. 

herefore  the  folution  belongs  to  Prob.  I.  (340). 
mdf.^c:  ab  ;:f.Z_A:  bc.  Or,Asf.  67*  30' :76  m.  ::  £56*15' :68,4m. 
fow  as  z_b  r=  Z_a  :  Therefore  AC  is  equal  to  bc,  (j94) 

r      5  A  fails  S.  b.  E.  68,4  miles. 
^'er[B  fails  E,  b.-S.  68,4  miles. 

M  m  2  Question 


I 
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QUESTION  II.  Coajiing  along  Jhore,  a  headland  bore  NE.  b.  N.  ;  /; 
having  run  E.  b.N.  15  miles,  the  headland  bore  WNW. :  Required 
dijlance  from  the  headland  at  each  time  of  fetting  ? 

The  conftru&ion  and   computation  of  this  queftion  is  made  as 

queft.  I. ;  c  being  the  headland,   and  ab  the  lhip*s  run. 

'         -          '1      vn  •    i    8,406  m.  at  firft  fetting. 

Anfwer,  the  diltance  *|I0$  m.  at  fecqpd  fett?ng. 


Question  III.  In  doubting  a  cape,  I  obferved  a  caflle  up  a  river  I 
due  N. ;  then  running  NW.  6  miles,  the  cajlle  bore  NNE. :  Required 
dijlance  from  the  cajlle  at  each  time  of  fetting  it  ? 

Here  c  is  the  caftle,  and  ab  the  fhip's  run. 

a    r  1.        /11  >     j-/i  i.  S  foft  is  ac  =  14,48  m. 

Anfwer,  the  caftle  s  diftance  at  {  kft  h  bq  =  ^  ^ 


Question  IV.  At  noon  a  headland  bore  NW.  b.  W. ;  then  fai. 
NNE.  5  miles  an  hour,  we  anchored  at  9  in  the  evening  in  a  creek  18  lea± 
dijlant  from  the  headland:  Required  its  dijlance  at  ?ioon,  and  bearing  j 
the  creek  ? 

Construction.  Having  defcribed  the  horizon  and  drawn  the  1 
ridian  and  parallel,  in  the  meridian  take  any  point  A  for  the  fhip's  pi 
at  firft:  Draw  the  NW.  b.  W.  and  NNE.  rhumbs,  and  parallel  to  t\ 
draw  ab,  ac. 

Make  ac  ==  45  m.  (—  o,h.  X  5  m.) :  And  from  c  with  54m.  (z=z  ] 
X  3)  cut  ab  in  b.     Then  b  is  the  headland,  and  c  the  creek. 

Computation.  Here  is  given  the  fide  a c  =  45  m.  ;  the  fide 
=  54  m.  and  the  Z.A  =  7  8°  45'  ==  5  pts  for  NW.  b.  W,  ~f  2  Pts- 
NNE. 

Therefore  the  folution  falls  under  Prob.  I.     (340) 

And  Z.B  —  54"  49/  j  therefore  z_c  =  46s  26'  ;  and  ab  =  39,9  m 

Draw  ao  parallel  to  cB;   then  Z.CBA  ~  £_o  a  n  —  54"  49'. 

Therefore  Z_  0  a  n  —  £_n  aw  =z/_o  azv  =  21°  04'  j  which  taken  £ 

900  oo'  leaves  68°  56' 

A    r         .*     ,      11      1,   C  diftance  at  noon  is  30,0  miles. 
Anfwer,  the  headland's  \ ,,  c  ,        ^y  .    0   ,<*.     ,,  rin 

I  bearing  from  the  creek  is  S.  68°  56  W 

WSW.  :W.  ne; 


Question  V.  J  JJxp  after  failing  SE.  b.  S.  62  leagues  from  her 
in  lat.  29°  1 6'  N.  ?neets  a  focp  that  had  run  12^  leagues  from  a  place  I 
ing  W.  b.  N.  of  the  port  the  jhip  departed  from  :  What  was  the  Ji 
courfc,  and  the  dijlance  of  the  tica  ports  ? 

The  construction  and  computation  being  made  as  in  the  lafr,  A 
B  reprefent  the  ports  failed  from  ;  and  c  the  place  where  the  vellelsn 
.    r       5  T'ie  diftance  of  the. ports  is  72,18  miles. 

1  The  Hoop's  courfe  along  cb  is  S.  58*03' E.  orSE.b.  E.ne 

Quj§ 
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i  Question  VI.  A  merchant  Jhlp  meeting  with  a  Jhip  of  war,  who  had 
fled  SE.  b.  E.  39  leagues  from  the  latitude  of  450  30'  N.  informed  them 
\at  he  had  been  plundered  the  day  before  in  the  fame  latitude ;  and  had 
foe"run  67  leagues  on  a  dire£i  courfe  beHveen  the  fouth  and  weji  ;  and  that  the 
jrates  were  cruifmg  about  the  place  where  they  robbed  him :  What  courfe 
\tfi  the  man  of  war  fleer  to  come  up  with  them  ? 

!  Suppofe  A  the  place  the  man  of  war  failed  from,  b  the  place  where 

I3  merchant  man  was  robbed,  c  the  place  where  they  met;  then  the 

lan  of  war  muft  fail  along  cb  to  meet  the  pyrates;    which  courfe  will 

I  {hewn  by  c  n  drawn  parallel  to  cb. 

!  Here  the  given  diftance  AC  is  not  drawn  from  the  centre  of  the  circle 

:prefenting  the  horizon,  but  parallel  to  co  the  given  courfe;  this  was 

t  ne,  in  order  to  prevent  the  figure  from  being  fo  fmall  as  it  muft  other- 

•  fe  have  been. 

1  Here  are  given  two  fides  and  an  angle  oppofite  to  one  of  them,  to 

j  d  the  angle  b  oppofite  to  the  other  fide  ac. 

"ThenCB:f.Z_A  ::  Ac:f.Z_B.  That  is,  As  67 1.  :  330  45'  : :  39 1.  :i8°  52'. 

Answer.     The  courfe  the  man  of  war  muft  fteer  is  N.  71°  08' E. 
.'For  L.nc  b  =  Z.CB  c  (185) ;  and  900  —  jLncB  —  LF  en. 


Question  VII.  Two  foips  fail  at  the  fame  time  from  one  port',  one 
Is  ESE.  and  the  other  SSE.  :  Required  their  bearing  and  dijlance  when 
:b  has  run  374  miles? 

Here,  ab  =  ac;  therefore  Z.B  =  Z_c.  Now  Z.A  =;4pts. ;  then 
c  =  Z.B  —  6  pts. 

Answer,     b  bears  from  c  N.  450  E.  diftant  67,12  miles. 


Question  VIII.  Sailing  on  a  SW.  courfe  at  the  rate  of  44  miles  an 
ur,  at  9  0  clock  in  the  forenoon  a  cape  bore  SE.  b.  E.  diflant  15  miles: 
equired  its  bearing  and  dijlance  at  4  o'clock  in  the  afternoon  ? 

Answer.     The  cape  b  bears  N.  68,08  E.  diftant  37,44  miles. 

Here  the  fhip  is  at  a  at  9  o'clock,  and  at  c  at  4 o'clock:  The  two  fides 
:,  ab,  and  the  contained  angle  a  =  9  pts.  are  given,  to  find  the  reft. 


Question  IX.  Wanting  to  know  the  breadth  of  a  river  in  whofe 
)uth  are  fever al  i/Iands  ;  from  a  cliff  on  the  eajlernfide,  I  failed  NNW 
'  miles  ;  and  then  running  SSW.  35  miles,  I  reached  the  weflern  fhore  : 
'quired  the  breadth  between  thofe  places  ? 

Here,  A3  =  50  m.  bc  ==  35  m.  and  z_b  =±  4  pts.     Required  AC. 

Answer.     The  breadth  between  a  ar.d  c  is  35,35  miles. 

Question 
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Question  X.  From  two  ports  lying  under  the  fame  meridian  i\ 
dtftant  236  miles,  two  Jhips  fail  towards  the  eajl,  and  meet  when  ei\ 
has  run  372  miles :  Required  the  courfe  of  each  ? 

In  Fig.  X.  A  and  B  are  the  ports  failed  from,  and  c  the  place  wh<! 
the  fhips  met.  Here  are  given  the  three  fides ;  but  two  of  them  bei 
equal,  the  folution  is  eafily  found  by  drawing  the  perpendicular  cd.  (34 

Answer,     a's  courfe  is  S.  -]i*  30'  E.  and  b's  courfe  N.  71'  3o'E.j 


Question  XI.  Two  Jhips  meeting  at  fea,  find  they  had  failed  j ri 
two  ports  in  the  fame  latitude,  and  dijlant  576  miles  :  The  flip  from 
wejlern  port  had  run  between  the  N.  and  E.  328  miles,  and  the  other  h\ 
failed  416  miles :  Required  the  courfe  Jieefed  by  tach  Jhip  f 

a  and  b  are  the  ports  failed  from,  and  c  the  place  where  the  fhips  ml- 
From  the  three  given  fides,  the  angles  may  be  found  by  art.  344  or  34J 


Answer.  The  courfe  from  a  is  N.  44s  40/ E.  and  from  b  is  N.  55°  59' ^ 


■ 


Question  XII.    A  fioop  in  three  days  coajled  round  a  triangular  Jha)f\ 
if  and;  the  firjl  day  floe  ranged  along  one  fide,  and  her  courfe  s  reduced  to 
was  SIV.  dijlance  64  miles;  the  fecond day  s  dijian:e  was  106  miles  betw, 
the  S.  and  E. ;  and  that  of  the  third  day  was  83  miles :  Required  the  di/.l 
courfes  of  the  fecond  and  third  days  f 

In  Fig.  XII.  the  firfr.  day's  diftance  is  ab,  the  fecond  BC,  the  third  A  | 
And  the  figure  is  thus  conftructed. 

Having  defcribed  the  horizon,  and  drawn  the  meridian  and  paral 
(681),  their  interfection  a  is  taken  for  the  place  the  fhip  failed  fror 
draw  the  SW.  rhumb  ab  =  64  miles  ;  from  a  and  b  defcribe  arcs  wi 
the  radii  ic6  and  83;  to  their  interfecStion  c,  draw  the  lines  bc,  AC. 

Draw  the  line  Ar  parallel  to  bc,  and   continue  ca  to  0. 

Then  the  arc  s  r  meafures  or  gives  the  fecond  day's  courfe. 

And  the  arc  no  the  courfe  of  the  third  day. 

Now  the  angles  being  found  by  either  method,  as  in  art.  3575  t 
courfes  will  be  thus  obtained. 

From   Z_bac  take  4  pts.  =  Z.SAB,  leaves  Z-SAC. 

Then  arc  s  r,  or  Z_sa  r  =  Z.sac  +  Z-C  (=  2LCA  t  by  185)  for  t 
fecond  courfe. 

And  arc  n  0,  or  Z.NA0  =  /.sac  (183)  is  the  3d  day's  courfe. 


Answer.  The  fecond  day's  courfe  is  S.  83'  29'  E.  and  the  third  da> 
N.  46*  21'  W. 

The  directions  given  for  this   i£th  queftion  may  be  applied  to  t" 
two  preceding  ones. 

QuestIC 


, 
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Question  XIII.  Sailing  into  a  harbour  I  obferved  two  landmarks ,  ths 
\tt  bore  E.  the  other  W.  ;  and  after  running  S.  3, 3  miles,  the  eajlern  on* 
ore  N.  58*  30'  E.' and  the  weftern  one  N.  47"  10' TV.  :  Required  my 
ijla nee  from  thofe  landmarks  at  each  time  of fetting  them  P 

The  fhip  is  fuppofed  firft  at  A,  and  fees  the  landmarks  c  and  d  in 
le  lines  ac,  ad  ;  then  failing  to  b,  fhe  fees  the  fame  marks  in  the  lines 
c,  bd,  drawn  parallel  to  the  given  rhumbs  A  n,   A  0. 

Here  are  two  right  angled  triangles  bac,  bad,  to  work  in;  there 
eing  known  in  each,  the  fide  ab,  and  all  the  angles;  whence  the  fo- 
ition  will  be  as  in  art.  347. 

• 
k  Answer.  AD  =  3,58m.  ac  =  5,385m,  60  =  4,87111.  BC  =  6,3i6m„ 


Question  XIV.  Coajling  along  Jhore  I  obferved  two  iflands,  the  one 
\ire  E.  and  the  other  TV. ;  then  failing  SSE.  ~  E.  i6~  miles,  the  wejlem 
land  bore  NW.  b.  W.  \  TV.  and  the  eajlern  bore  NE.  ~  E. :  Required  their 
'/lance  at  each  time  of  fetting  them  ? 

Here  are  two  oblique  angled  triangles  to  work  in ;    and  the  fokitiort 
ill  be  as  in  art.  349  ;  there  being  one  fide  ab  and  all  the  angles  known. 

Answer.  Ac  =  22,99m.  AD  =  23,85m.  Bc  =  34,03m.  bd 21,67m. 


Question  XV.  Three  flips,  b,  c,  d,  fail  from  the  fame  road  A, 
nd  b:und  to  different  ports  lying  in  the  fame  parallel  of  latitude  ;  b's  courfe 
:  NTV.  b.  N.  diflance  12  miles  ;  c's  courfe  is  NE.  b.  E. ;  and  id's  courfe  is 
'NE.  \  E. :  Required  the  diflance  of  c  and  d  from  their  ports,  and  alfo  the 
'fiance  of  thofe  ports  from  one  another  ? 

Having  defcribed  the  horizon,  and  drawn  the  meridian  and  parallel, 
t  their  inr.erfec~r.ion  c  reprefent  c's  port ;  draw  the  given  rhumbs  c  0,  c  », 
r;  make  Co  —  12  miles,  produce  n  C  towards  a,  and  parallel  to  n  A 
raw  0  B,  meeting  the  weft  line  in  B  ;  draw  ba  parallel  to  0  c,  and  draw 
d  parallel  to  c  r,  meeting  the  eaft  line  in  d  :  Then  a  is  the  port  failed 
om,  and  b,  c,  d  are  the  ports  bound  to. 

;  The  folution  of  thefe  triangles  falls  under  art.  347  and  349 ;  there  be- 
ig  given  one  fide  and  all  the  angles. 

Thus  Z.BAC  =  8  points,  /Lb  =  5  points,  /Lbca  =  3  points. 

The  Z_bad  =  9-7  points,  Z_d  =  i~  points. 

Answer.  Ac=i7,o6m,  AD^34?36rn.  BC=;2i,6m.  BD=39,56m. 

Question 
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Question  XVI.  Two  flips,  A  and  b,  fall  from  the  port  c; 
falls  SSE.  5"Q  miles,  and  B  SW.  bt  S.  40  »//« :  Required  their  bear 
and  dijlanee  ;    and  how  far  A  is  to  the  fouihward  and  eajlward  ofB  ? 

Defcribe  the  horizon,  draw  the  meridian  and  parallel,  and  their  . 
terfedtion  c  reprefents  the  port  failed  from. 

Draw  the  given  rhumbs,  in  which  take  ca  —  50,  CB  =405  then 
and  b  reprefent  the  places  the  (hips  are  come  to. 

Draw  ab  ;  thro'  b  draw  the  meridian  bd,  meeting  the  parallel  , 
drawn  thro'  ad  :  Then  bd  is  the  difference  of  latitude,  da  the  dep 
ture,  and  ba  (hews  the  bearing  and  diftance  fought. 

In  the  triangle  cba,  find  the  unknown  angles,  and  fide  ba  by  i 

355- 

Draw  c  n  parallel  to  ba  ;  then  Z_sca  -J-  ,/,cas  (r=  Z_ac  n  (185)  gb 

Z.sc  n  the  bearing  from  b  to  c:    And  /_scn  taken  from  900  iea^ 

/.bad  :  Hence  bd,  da,  are  found  by  art.  347. 

Answer.  ba  =  43,33  miles,  bd=s  12,93  miles,  da  =41,36  mile 
And  the  bearing  from  b  to  a  is  S.  720  38'  E. 


Question  XVII.  At  funrlfe,  being  four  o'clock,  a  Jhip  faw  a  /It 
to  the  WNiV.  and  a  brig  to  the  E.  b.  N. ;  they  all  came  to  anchor  along  J 
one  another  at  nine  o'clock,  each  having  run  fence  funrife  five  knots  an  hoi 
and  the  Jhlp's  conrfe  was  due  north  :  Required  the  courfes  failed  by  the  fit 
and  brig,  and  their  dijlanee  from  the  fhip  in  the  morning  zuhen  Jhe  X 
them  ? 

Draw  the  IVNJV.  and  E.  b.  N.  rhumbs  a  0,  an;  afTume  any  point 
in  the  meridian  line  for  their  anchoring  place,  and  in  the  fame  line  ta 
da  =  25  miles  =  the  diftance  each  failed;  thro'  a  draw  ac,  ab,  p 
rallel  to  ao,  an,  and  on  d  with  the  radius  da  defcribe  a  circle  cutti; 
ac,  ab,  in  c,  b  :  Then  a  is  the  fliip's  place,  c  the  floop's,  and  b  t 
brig's,  at  four  m  the  morning. 

Now  Z.c  =  Z_DAC  r=  L.naoi'zz.  6  points;  therefore  Z.  a  DC  =  4  poin 

And  Z_b  =  Z.DAB  =:  Z_D  anz=.*]  points ;  therefore  Z.ADC  =  2  poin 

The  lides  AC,  ab,  will  be  found  by  art.  351. 

a    /.CCArri9,i3  miles,  and  c's  courfe  is  NE. 

\  ba  =  9,755  miles,  and  b's  courfe  is  NNW. 


Question  XVIII.  Having  dropt  anchor  in  very  deep  water  in  a  rfa 
with  a  buoy  and  rope  of  50  fathoms  fixed  to  It,  I  fell  down  the  Jit  earn  t 
I  had  veered  out  1 40  fathoms  of  cable,  and  then  the  buoy  was  120  fathoi 
a -head  of  me  :  Required  the  depth  of  zvater  ? 

Construct  the  triangle  abc  with  the  three  given  fides,  letting  CA : 
1 20  be  horizontal  to  reprefent  the  farface  of  the  water. 

Dra 
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Draw  bd  perpendicular  to  ca  continued  ;  then  b  reprefents  the  an- 
tor,  A  the  buoy,  c  the  fhip,  and  bd  the  depth  of  water. 
In  the  triangle  ABC  find  by  art.  345  the  angle  cab  ;  then  its  fupple- 
-  nt  dab  will  alfo  be  known;  and  in  the  right  angled  triangle  adb, 
I  fide  ab  and  all  the  angles  being  known,  the  fide  bd  may  be  found 
3  in  art.  347. 

Answer.     The  depth  of  water  db  is  48,71  fathoms. 


>uf.stion  XIX.  Coming  tut  thin  fight  of  two  headlands  bearing  N. 
H  S.  of  each  other,  the  fouthern  one  bore  from  the  Jhip  due  E.  and  the 
Ir  NE.  b.  E. ;  and  after  failing  due  E.  5  miles,  the  northern  headland 
h'  NE.  b.  N.  4  E.  :  Required  the  diflance  of  tbofe  headlands  from  one 
fiber,  and  their  diflance  from  the  Jhip  at  each  time  of ' fitting  them,? 

n  the  eaft  and  weft  line  take  ba  =  5  miles ;  draw  the  NE.  b.  E. 
j(  NE.  b.  N-  4  E.  rhumbs  b  n,  bd  ;  thro'  A  draw  ad  parallel  to  B  n9 
triting  bd  in  D  ;  draw  DC  perpendicular  to  AB  continued. 

"hen  d  and  c  are  the  headlands ;  a,  b,  are  the  fhip's  places   at  the; 
Mz&  of  fetting  them,  and  ab  the  diftance  failed. 
tfJow  Z_a  =  (Z_cb  n  by  185  =)  3  points ;  the  Z_dbc  =  44  points. 

rhen  Z.ABD  =  114  pts.  (181);  Z_^DB=:i4pts.  and  Z.bdc  =  3^pts, 

i  the  triangle  abd  having  the  fide  ab,  and  all  the  angles  given,  find. 
ft  fides  ad,  bd,  by  art.  349. 

!ind  in  the  right  angled  triangle  bcd,  knowing  the  fide  bd  and  all  the 
lies,  find  the  fides  bc,  cd,  by  art.  347. 

ANSWER.  ADr=i3,3i  m.  60—9,565111.  Bcr=6,07  m.  CD=7,395m, 


Vuestion  XX.  Having  cajl  anchor  I  obferved  the  bearings  of  a  tower  % 
1  Ml  and  a  light  houfe,  known  to  lie  due  eajl  and  ivejl  of  one  another  ;  the 
Ir  bore  WSJV.  the  mill  SW.  b.  S.  4  W.  and  the  lighthoufe  S.  b.  IV. 
\  \  ;  the  diflance  of  the  tower  from  the  mill  is  54  miles:  Hotv  far  are 
M  of  thofe  objecls  di/lant  from  the  place  where  I  anchored  ? 

'raw  the  given  rhumbs  Br,  b  0,  b  « ;  make  b A  —  57  miles ;  continue 
Bill  it  meets  ad,  drawn  parallel  to  b  r,  in  d  ;  draw  dc  parallel  to  B  n  ; 
||n  d  reprefents  the  fhip's  place,  a  the  tower,  b  the  mill,  and  c  the 
jig:houfe. 

he  angles  are  made  out,  and  the  triangles  are  folved  as  in  the  laft 
qution. 

JNSWER,  da  =  g,02r  m.  db  =  4,46601.  dc  ~  3>6o8  miles. 


Nn  SECTION 


274  PLANE    SAILING. 

SECTION    VII. 

Of  failing  to  windward. 


701.  When  the  wind  is  directly,  or  partly,  againft  a  fhip's  di 
courfe  to  the  place  fhe  is  bound  to,  fhe  reaches  her  port  by  a  kind 
zigzag  or  z  like  courfe ;  which  is  made  by  failing  with  the  wind  firft 
one  fide  the  fhip,  and  then  on  the  other  fide. 

In  a  fhip,  and  looking  towards  the  Jlem  or  head*  1 

Starboard  fignifies  the  right  hand  fide. 

Larboard  the  left  hand  fide. 

Forwards  or  Afore,  is  towards  the  head  or  ftem  of  fhe  fhip. 

Aft  or  Abaft,  is  towards  the  hinder  part  or  Jlern. 

The  Beam  fignifies  athwart  or  acrofs  the  middle  of  the  fhip. 

702.  When  a  fhip  fails  the  fame  way  the  wind  blows,  fhe  is  faid 
fail  or  run  before  the  wind  ;  and  the  wind  is  faid  to  be  right  aft,  or  r 
aflern\  and  her  courfe  is  then  16  points  from  the  wind. 

When  a  fhip  fails  with  the  wind  blowing  directly  acrofs  her,  fh 
faid  to  have  the  wind  on  the  beam;  and  her  courfe  is  8  points  from 
wind. 

When  the  wind  blows  obliquely  acrofs  the  fhip,  the  wind  is  faidl 
be  abaft  the  beam,  or  afore  the  beam,  according  as  her  courfe  is  mon 
lefs  than  8  points  from  the  wind. 

When  a  fhip  endeavours  to  fail  towards  that  point  of  the  com 
from  whence  the  wind  blows,  fhe  is  faid  to  fail  en  a  wind,  or  to  p\ 
windward. 

A  vefTel  failing  as  near  as  fhe  can  to  the  point  from  whence  the  mi 
blows,  is  faid  to  be  clofe  hauled  :  The  generality  of  fhips  will  lie  w 
in  about  fix  points  of  the  wind  ,  but  floops  and  fome  other  veffels  I 
lie  much  nearer. 

703.  The  windward,  or  weather,  fide,  is  that  fide  of  the  fhigl 
which  the  wind  blows  5  and  the  other  fide  is  called  the  leeward,  oi| 
fide.  J 

Tacks  and  Jheats  are  large  ropes  made  fart  to  the  lower  corners  of  I 
fore  and  main  fails,  by  which  either  of  thefe  corners  are  hauled  fori 
aft. 

When  a  fhip  fails  on  a  wind,  the  windward  tacks  are  always  ha' 
forwards,  and  the  leeward  fheats  aft. 

The  Jlarboard  tacks  are  aboard  when  the  ftarboard  fide  is  txfwi 
ward,  and  the  larboard  to  leeward. 

And  the  larboard  tacks  are  aboard  when  the  larboard  fide  is  to  W 
"$rard,  and  the  ftarboard  to  leeward. 

704.  To  know  how  near  the  wind  a  fhip  will  liej  obferve  the 
fhe  goes  on  each  tackj  when  fhe  is  clofe  hauled ;  then  half  the  nu 
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f  points  between  the  two  courfes,  will  mew  how  near  the  wind  that 
lip  will  lie. 

705.  The  moft  common  cafes  in  turning  to  windward  may  be  con- 
ru£ted  by  the  following  precepts. 

!  Having  drawn  the  meridian  and  parallel  of  latitude  (or  eaft  and  weft 
ne)  in  a  circle  reprefenting  the  horizon  of  the  place;  mark  in  the  cir- 
lmference  the  place  of  the  wind  ;  draw  the  rhumb  pafling  thro'  the 
ace  bound  to$  and  lay  thereon  the  diftance  of  that  place  from  the 
mtre. 

On  each  fide  of  the  wind,  lay  off  in  the  circumference,  the  points  or 
:grees  fhewing  how  near  the  wind  the  fhip  can  lie  ;  and  draw  thefe 
j.umbs. 

!  Now  the  firft  courfe  will  be  on  one  of  thefe  rhumbs^  according  to  the 
|ck  the  fhip  leads  with :  Draw  a  line  thro'  the  place  bound  to*  paral- 
!  to  the  other  rhumb  and  meeting  the  firft,  and  this  will  fhew  the 
lurfe  and  diftance  on  the  other  tack. 

I  The  figures  referred  to  in  this  fe&ion  are  in  Plate  IV *  at  the  end  j 
herein  they  are  marked  by  the  number  of  the  queftion. 


{Question  I.     The  wind at  north,  and  1  am  bound  to  a  port  25  miles 
{'effly  to  windward,  being  on  t?iy  Jlarboard  tacks,  and  can  lie  wit/xn  6 

i'nts  of  the  wind :    IVhat  friufl  be  my  courfe  and  dijlance  on  each  of  two 
is  to  reach  my  -port  ? 

The  conftruclion  being  done  as  above  directed,  n  is  the  place  of  the 
end,  a  the  port  bound  to*  and  b  the  place  where  the  fhip  is  fuppofed 
the,  when  the  port  is  25  miles  to  windward  of  her. 
Now  as  the  fhip  leads  with  her  ftarboard  tacks;  that  is,  has  the  wind 
iiwing  on  her  ftarboard  fide,  fhe  muft  firft  fail  along  the  line  bc  drawn 
2'allel  to  the  rhumb  a  n,  which  is  6  points  from  the  wind  ;  and  where 
I:  other  rhumb  a  0,  alfo  6  points  from  the  wind,  being  produced  from 
towards  c,  meets  with  bc  in  the  point  c,  is  the  place  where  fhe  muft 
ik  about  to  reach  her  port  within  6  points  of  the  wind  on  her  larboard 
ks. 

iere  bc  being  parallel  to  a  n,  the  Z.B  =(Z.na  h,  by  183,  =)  6  points. 
4nd  the  Z.BAC  =  (Z.NA  0,  by  183,  =)  6  points  ;  hence  Z_c  =  4  pts.~ 
Therefore,  as  ZiB  =  Abac;    the  fide  bc  —  fide'cA  (r94-) 

^ow  as  one  fide  ab,  and  all  the  angles  are  given,  the  folution  falls 
Her  art.  340  of  oppofite  fides  and  angles. 
Therefore,   As  fin.  Z_c  :     ab     :  :  fin.  Z.bac  :  bc. 
Or,    As  fin.  45*  00'  :  25  m.  :  :  fin.  67" 30'  :  32,66. 

Ivt,„^      it.    iw    r  •}   f  on  her  ftarb.  tacks  WNIV.  32,66  miles. 
\kwser,  the  fbip  fails  J  ofl  her  larb<  tackg  £NEt  ^  miles> 


N  n  2  >  Question 
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Question  II.  A  Jh'ip  that- is  bound  to  a  port  80  miles  direSlly  to  w 
ward,  then  at  NE.  b.  N.  4  E.  propofes  to  reach  her  port  at  two  boards 
within  6  points  of  the  wind :  Required  her  courfe  and  dijiance  on  each  1 
Jo  as  to  double  a  rocky  fn  elf  lying  in  the  NW.  quarter? 

As  the  wind  is  in  the  NE.  quarter,  and  the  (hip  is  to  double  a  fhe. 
the  NW.  quarter,  therefore  fhe  muft  lead  with  her  {larboard  tacks ; 
running  from  b,  her  prefent  place,  to  c  in  a  parallel  to  the  rhumb 
6  points  from  w  the  place  of  the  wind  ;  fhe  then  tacks  for  her  port  a 
the  direction  of  the  rhumb  a  0,  6  points  from  w. 

The  manner  of  folution,  is  the  fame  as  in  the  laft  queftion. 

A  XT      I      n  ,      S  ftarb.  tacks  NNW.  4  W.  104,5  miles. 

Answer,  fhe  runs  on  her  i  ,    ,    .    ,     17077    ,  £     ni  S\Z;v*B 
I  larb.  tacks  EbE.  \  t,.  104,5  miles. 


Question  III.  A Jhip  bound  to  a  port  bearing NNE.\E.  mujl  d 
a  cape  to  the  eajlward :  Now  Jlie  having  run  on  her  larboard  tack  15  lee 
within  6  points  of  the  wind  then  at  N  b.  E.  the  port  bore  NW.  b.  I 
TV. :  Required  how  near  the  windjhe  mujl  lie  on  her  Jlarboard  tack,  am 
di/lance  of  the  port  at  each  time  of  fetting  it? 

Here  A  is  the  place  ofthe  fhip  at  firf!,  b  the  port  bound  to ;  AC  i: 
run  on  the  larb.  tack,  and  cb  that  on  the  flarb.  tack. 

.  5  The  diflance  ab  from  the  port  is  10,08  miles. 

t  The  run  cb  is  1 1,61  miles,  and  64  points  from  the  w 


Question  IV.  A  Jhip  being  bound  to  a  port  bearing  SSE.  and  dh 
to  windward,  having  run  on  her  larboard  tacks  834  miles'  within  6|  p 
of  the  tvind ;  on  tacking  about  falls  in  with  a  rock  at  the  fame  diflance 
her  port :  What  courje  mujl  Jhe  run  on  her  Jlarbcard  tacks,  how  neat 
wind,  and  what  was  the  port's  diflance  at  fir/l  ? 

Here  the  fide  ac  =  cb;  therefore  Z.B  —  Z_bac  =  6|"  points. 
Hence  £.c  r=  2 §  pts.    Alfo  Z.Br:Z.BA«z:  b\  pts.    Therefore  A.I 
=  Jl  points. 

a  J  Starb.  courfe  E.  b.  N.  |  E.  6-f  points  from  the  windi 

I  The  port's  dift.  at  firfr  was  40,47  miles. 


Question  V.  A  privateer  lying  by  with  the  wind  at  NNE.  fees  a 
on  her  Jlarboard  tacks  that  had  jujl  doubled  a  paint  18  miles  to  the  W.  b. 
the  /loop  run  for  her  port  within  6  points  of  the  wind :  The  privateer 
chafe  at  the  rate  of  8  knots  an  hour,  and  in  4  hours  came  up  with  her : 
quired  the  Jhop's  rate  of  Jailing,  and  aljo  the  courfes  of  both  vefjels  ? 

Draw  ba  to  the  E.  b.  S.  and  equal  to  18  miles  -,  on  a  with  32  n 
8x4,  cut  the  rhumb    ac  drawn  6  points  from  the  wind,  a%w;  1 
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is  privateer  is  firft  at  a,  fees  the  {loop  at  e,  gives  chafe  along  the  line 
'«:,  and  takes  the  floop  at  c  ;  and  bo  drawn  parallel  to  Ac  {hews  the 
'4  vateer's  courfe  from  the  north. 
Here  are  known  two  fides,  ab,  ac,  and  the  Z_abc  =13  points. 

„  3  The  {loop  fails  NW.  at  the  rate  of  3,86  m.  per  hour  =  — 

CSWER    )  4' 

C  The  privateer's  courfe  N.  63,12  W. 


Question  VI.    Being  •within  fight  of  iny  port  bearing  N.  b.  E.\  E. 
*ant  1 8  miles,  a  frejh  gale  fprung  up  at  NE. ;  then  running  48  miles  on 
larboard  tacks  within  6  points  of  the   wind,  I  tacked  about :  Required 
■  courfe  and  dijlance  to  my  port  ? 

.  From  any  point  a  draw  ab,  ac,  parallel  to  a  0,  a  n,  the  N.  b.  E.  ~  E~ 
1  ESE.  rhumbs,  the  latter  being  6  points  from  the  wind  at  NE. 
MakeAB  —  18,  ac  =  48,  and  join   bc.     Then  the  fhip  at  a  firft 
ii  her  port  at   b,  and  failing  from  a  to  c  on  the  larboard  muff,  go 
m  c  to  b  on  the  ftarboard  tacks. 

1  rlere  are  known  two  fides,  and  the  included  angle  A  =  84  points, 
lerefore  the  folution  will  be  as  in  art.  335. 

;  \nswer.  The  fhip  has  to  fail  52,89  miles  on  a  courfe  N.  470  42' W. 


Question  VII.  A  Jhip  bound  to  a  port  met  a- floop  that  had  failed 
m  thence  SSW.  ~  W.  325  miles,  the  zvind  being  at  N.  b.  E.  ;  afterzuards, 
Jhip  having  plied  on  her  larboard  tack  for  three  days,  Jhe  ?net  a  vejfel  who 
}  failed  on  a  direct  courfe  SE.  b.  E.  ~  E.  412  miles  fmce  fe  departed 
72  that  port :  Required  the  flip's  courfe  and  dijlance  between  her  iheeting 
9  veffels,  and  hoiu  near  the  wind  Jhe  lay  ? 

! 

jlere  b  is  the  port  bound  to,  a  and  c  are  the  points  where  the  fhip 
\  the  vefTels,  and  ac  the  diftance  run ;  parallel  to  which,  a  line  b  n 
ng  drawn  will  fhew  the  courfe  and  diftance  from  the  wind. 

^nswer.  The  diftance  ac  ==  524,8  m.    The  courfe  is  N.  790  51'E. 
6^  points  from  the  wind. 


Question  VIII.  Being  on  my  larboard  tacks  I  met  a  fnoiv  that  had 
^d  NE.  b.  N.  284  miles  from  the  port  I  am  bound  to ;  and  next  day  I 
a  brig  who  had  failed  from  thence  326  miles,  zvith  the  zvind,  then  at  S. 
'.  tiuo  points  abaft  the  beam  :  Required  my  courfe  and  diftance  between 
meeting  thofe  vejfels ;  and  how  near  the  zvind  f 

fere  b  is  the  port",  a  and  c  the  places  of  meeting. 
There  are  known  two  fides  and  the  contained  angle. 

^        •        5  ^e  fhip  had  failed  S.  640  q6'  E.  4-I  pts.  from  the  wind. 
(  The  diftance  run  was  I25?9  miles. 

Qjte  vno\" 
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Question  IX.  The  wind  at  SW.  and  a  Jhlp  plying  to  windward,  a 
running  450  miles  on  her  larboard  tacks,  and  450  on  her  Jlarboard  ta 
finds  Jhe  has  got  300  miles  direftly  to  windward :  tVhat  were  her  cow 
and  how  near  the  wind? 

From  any  point  a  draw  ab  r=  300  miles,  and  parallel  to  the  w 
rhumb  aw,  on  A,  b,  with  450  miles  defcribe  arcs  cutting  in  c  ;  then 
lines  ACj  cb,  being  drawn,  will  fhew  the  diftances  run  on  each  tack 

The  point  C  is  taken  towards  the  NW.  quarter  as  the  fhip  leads  v 
her  larboard  tacks  ;  but  had  me  led  with  her  {larboard,  the  point  c  e 
have  been  taken  towards  the  S£.  quarter. 

The  rhumbs  ao,  an,  being  drawn  parallel  to  ac,  cb,  will  fhewj 
courfes  on  each  tack. 

Here  are  the  three  fides  given  to  find  the  angles  :  But  two  of  the  f 
being  equal,  the  folution  is  readily  performed  as  in  art.  358. 

,„M„rD  5  Courfe  on  larb.  is  N.  640  28' W.  7  ,  t      .  ,         .       . 
AN?W£Ricourfeonftarb.isS.25    32  E.    J  6.1  pts.  from  the  wit 

Question  X.  A  pyrate  being  in  chafe  of  a  Jloop  15  miles  ahead  to 
WSW.  both  on  the  Jlarboard  tacks,  the  wind  at  NIV.  j  the  Jloop  finding 
lojl  way  tacked  about  for  an  ifland  in  the  NIV.  quarter,  II  miles  dtj, 
from  her,  and  13  from  the  pyrate  :  Required  how  near  the  wind  mufi 
Jloop  run,  and  whether  the  pyrate  can  continue  the  chafe  ? 

.  C  The  floop's  courfe  is  N.  io*  05'  E.  5  pts.  from  the  w; 

Answer  I  The  pyrate>s  courfc  is n.  66*  54'  W.  2  pts.  from  the  w. 

Therefore  he  cannot  continue  the  chafe. 


Question  XI.  Being  on  a  NE.  courfe  zvith  my  larboard  tacks,  an  ij. 
bore  SW.  diflant  12  miles,  and  my  port  bore  NNW.  ;  the  diflance  of 
ifland  and  port  is  40  miles :  Now  the  wind  being  at  NNW.  \  TV.  and  I 
lie  no  nearer  than  6~  points:  Required  how  far  I  mujl  run  on  my  pre 
courfe  before  I  tack  about,  and  alfo  the  courfe  and  diflance  I  have  then  to  Jit 

In  a  SW.  rhumb,  from  any  point  a  take  ac  =  12  miles ;  and  c 
with  a  diftance  of  40  miles  cut  ab  drawn  parallel  to  the  NNW.  rht 
an\  now  the  rhumb  ao  being  taken  6|  points  from  the  wind,  thr 
draw  bd  parallel  to  ao,  meeting  ca  continued  in  d. 

Then  a  is  the  fhip's  place,  c  the  ifland,  b  the  port  bound  to;  A 
the  diftance  to  run  on  the  larboard  tacks,  and  bd  on  the  ftarboard 

In  the  triangle  cba  there  are  known  ca,  cb,  and  Z-Cab  ==  L.c  a  > 
10  pts. ;  then  finding  ab  (352),  in  the  triangle  abd  one  fide  and  all 
angles  being  known,  the  fides  ad,  db,  are  found  as  in  art.  349. 

TheZ.D  =  c  a  0  =  3  pts.  Abad  =3  L.nan  r=  6  pts.  £.abd  =  7 

A  t  The  diftance  run  on  the  NE.  courfe  is  59,75  miles. 

ANSWER   1  0n  the  lhrb>  ^  muft  rim  w< hf  s>  diftf  56j2g  mjlej 

Quest 
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QUESTION  XII.     A  fhip  failing  clofe  by  a  point  fees  two  lighthoufes,  one 
miles  to  the  NE.  b.  E.  the  other  8  miles  to  the  SE.  b.  S. ;  the  Jhip  is  on 
t    larboard  tacks  within  6^  points  of  the  wind,  then  at  SE.  b.  E.  :  Re- 
ared how  far  Jhe  nutjl  run  to  bring  the  lighthoufes  to  bear  in  one  line ;  and 
tat  will  be  the  bearing  and  dijlances  of  them  from  the  Jhip  at  that  time? 

r;Prom  any  point  c  draw  ca  parallel  to  an  the  NE.  b.  E.  rhumb,  and 
cial  to  1 8  miles,  alfo  draw  cb  parallel  to  a  o  the  BE.  b.  S.  rhumb,  and 
Wial  to  8  miles;  join  ab,  which  produce  till  it  meets  in  d  the  line 
ft  drawn  parallel  toar,  a  rhumb  6^  points  from  the  wind  at  SE. 

Then  c  is  the  fhip's  place  at  firft;  a,  b,  are  the  lighthoufes;  cd  the 
"  ance  run  to  fee  them  in  one  right  line  dba  ;  then  a  rhumb  a  s  drawn 

allel  to  da  fhews  their  bearing  at  that  time. 

n  the  triangle  acb,  knowing  two  fides  and  the  included  Z.C  =  sLnas 

3  points ;  the  other  angles,  and  fide  ab  is  found  as  in  art.  353. 

n  the  triangle  acd,  knowing  ca,  the  Z_acd  z=  Z_nar  =  13^  pts. 
p,  the  L.  a  found  before,  the  diftance  cd,  ad,  are  found  as  in  art.  340. 

f  The  fhip  runs  on  her  larb.  S.  b.  W.  iW.  dift,  23,38  m. 
Answer  <  Then  the  lighhoufes  bear  N.  32*  17'  E. 

C  The  diftance  of  a  being  38,66  miles,  and  of  b  18,96  miles. 


Question  XIII,     A  Jhip  wants  to  reach  on  two  tacks ,  a  port  bearing 
'.  b.  S.  but  mujl  double  a  point  bearing  S.  b.  E.  the  point  being  25  miles 
te  NE.  b.  E.  of  the  port;  the  Jhip  can  lie  no  nearer  the  wind  now  at 
than  64  points  :  Required  her  courfe  and  dijlance  on  each  tack  ? 

ake  c  the  point,  25  miles  to  the  NE.  b.  E.  of  b  the  port;  thro*  c 
v  ca  parallel  to  b  n  the  S.  b.  E.  rhumb,  and  its  meeting  with  0  B  the 
'.  b.  S.  rhumb  produced  northward,  gives  A  the  fhip's  place ;  then  ad 

db  being  drawn  in  the  directions  of  the  rhumbs  b;,  Br,  6|  points 
l  the  wind  at  w,  fhew  the  runs  on  each  tack. 

the  triangle  abc,  there  is  known  bc,  Z_bac  =  Z_ffB  n  =  4  points, 
bc  =  2  points,  Z.C  =  10  points  ;  then  ab  is  found  as  in  art.  349. 
1  the  triangle  abd,  ab  is  now  known,  Z_bad  ==  Z.  0  b  s  =  5^  pts. 
bd  =  /L  0  b  r  =  74  points,  Z.D  =  3  points  ;    hence  ad,  db,  are 
as  in  art.  349. 

5  Courfe  on  ftarb.  is  SSE.7E.  dift.  58,51  miles. 
nswer  l  £Qurfe  Qn  krb>  isNW#  bm  w  i  w<  dift>  5Ijg5  m[leSm 


d 


•jjestion  XIV.  A  privateer  lying  behind  a  low  point  6  miles  to  the 
;  b,  W.  fees  a  Jhip  to  the  SSE.  coming  out  of  a  port  18  miles  dijiant 
1  the  point ;  the  Jhip  fleered  NIV.  with  a  brijk  gale  at  SSW.  ;  the  priva- 

te\Jlipt  his  cable  and  gave  chafe  within  67  poirits  of  the  wind  and  takes 

W  Hozufar  had  each  [run  zvhen  they  met  ? 

ake  a,  6  miles  to  the  NE.  b.  E.  of  c  the  point ;  from  c  with  18  miles 
Bab  drawn  parallel/ to  co  the  S§£,  rhumb,  and   b  is  the  pert  the 

fhip 
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lhip  failed  from  ;  then  ad  drawn  6=  points  from  the  wind  meeting 
drawn  NW.  the  interferon  d  is  the  place  where  the  privateer  rr 
the  fhip. 

In  the  triangle  acb,  is  given  ac,  cb,  and  /.cab  z=  Cnzo  r=  y 
find  ae, 

Then  in  a  abd,  where  Z.dab  ==  i_r  c  o-=z  io^pts.  Z_dba  =  2, 
Z.ADB  ±s  3^  points,  find  the  fides  ad,,  bd,  as  in  art.  34.9. 

A  5  The  fhip  had  failed  NW.  dift.  25,27  miles. 

answer  J  The  privateer  faiIcd  w>  bN<  i.  w     diftf  I0>96  mik 

Question  XV.  A  jhip  that  can  lie  within  6  points  of  the  wind] 
a  headland  21  miles  to  the  NE.  which  Jhe  is  to  weather  in  order  to  i 
an  ifland  9  miles  to  windward  thereof  the  wind  being  at  eajl :  What  a 
and  how  far  mujt  Jhe  go  on  each  tacky  Jloe  leading  with  the  Jlarboard? 

Draw  ea  ■==.  21  m.  to  the  STV.  bc  =  9  m.  to  the  eajl,  join  ac  ;  c 
ad,  cd,  each  6  points  from  the  wind  ;  then  a  is  the  fhip's  place,  1 
headland,  c  the  ifland;  ad  the  run  on  the  {larboard  tacks,  and  dc 
of  the  larboard. 

In  the  a  abc,  is  given  ba,  bc,  Z.abc  =  12  points;  find  the  c 
2_s,  and  AC 

Then  in  the  a  acd,  is  known  ac,  and  all  the  angles,  to  find  ad, 

ThusZ.Dn=4pts.j  Z.dca=Z.dcb-{-Z_bca  ;  Z.cad=Z_bad-|-Z.i 

.  T  5  On  the  ftarb.  fhe  runs  39,19  miles  on  the  NNE.  rhu 

t  On  the  larb.  me  runs  23,12  miles  on  the  SSE.  rhumi 


Question  XVI.  There  is  a  certain  port ,  which  to  fail  into  you 
bring  the  port  and  a  mill  4  miles  to  the  eajl  thereof  to  bear  due  wcfl 
the  Jame  time  a  beacon  5  miles  to  the  NE.  b.  TV.  ~  E.  of  the  mill.,  bear 
b.  E.  4  E.  ;  and  then  Jleer  direclly  for  the  beacon  and  thence  to  the  } 
Required  the  befl  wind  in  the  NW.  quarter  for  a  Jhip  that  goes  equally) 
en  both  tacks,  together  with  the  dijlance  Jl?e  mujl  run  on  each  tack  from 
faid  filiation  to  the  port  P 

In  the  TV.  rhumb  take  bc  =  4  miles,  and  in  the  NE.  b.  N.  \  E.  rhs 
take  bd  =.  5  miles ;  join  dc,  and  parallel  to  the  N.  b.E.  -|  E.  rh 
B  n,  draw  da  meeting  cb  continued  in  A. 
•    Then  c  is  the  port,  b  the  mill,   d  the  beacon,  and  a  the  fhip's  p! 

In  the  A  bad,  is  given  bd  and  all  the  angles,  to  find  ad. 

In  the  a  cbd,  is  given  bc,  bd,  and  Z_ced,  to  find  the  other  ar 
and  dc. 

Draw  the  rhumb  b  0  parallel  to  DC;  then  the  L.  n  b  0  being  bife 
will  give  the  place  of  the  wind  as  required. 

f  She  will  run  on  her  larb.  N.  b.  E.-|  E.  dift.  4,105  re. 

Answer  <  And  on  her  ftarboard  S.  6i°  40'W.^dift.  8,145  miles. 

L  The  beft  wind  is  that  blowing  from  the  NW.  £  W.  ne. 

Quest 
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IOuesTION  XV II.  A  Jloop  in  doubling  a  point  direclly  to  the  eajl  of 
(  port^  fees  a  lightboufe  bearing  NNW.  \  W.  which  Jhe  knoivs  lies  NE. 
,N.  \  E.  from  the  port,  and  is  10  miles  to  the  NE.  b.  E.  -|  E.  of  a 
{m  bearing  due  north  of  her  port  :  The  wind  is  at  W.  b.  N.  \  IV.  and 
lean  Hi  within  5  points  :  Required  her  dijlence  on  each  tack,  Jhe  leading 
ih  the  larboard^  and  keeping  clofe  to  the  lightboufe  when  Jhe  tacks  ? 

uppofe  d  the  beacon,^  make  DC  =  10  miles  in  the  NE.  b.  E.  |  E, 
Imo,  and  c  is  the  lighthoufe  ;  draw  cb  parallel  to  the  NE.  b.  N.  4  E. 
inb  D  n>  and  its  interferon  B  with  the  S.  rhumb  db  is  the  port ;  thro' 
;nd  c,  lines  being  drawn  parallel  to  the  E.  and  NNfV.  4  W.  rhumbs, 
lr  interfe&ion  a  is  the  place  of  the  (hip. 

1  the  a  cdb  is  given  dc  and  all  the  angles ;  hence  bc  is  found.  (349) 

1  the  A  cba  there  is  known  cb  and  all  the  angles  j    hence  ag   is 

id  as  in  art.  349. 

ere  Z.dbc  =  34  points,  Z.BDC  =  104  points,  Z_dcb  — :  i\  points. 

.nd  Z.ABC  =4|  points,  Z.BAC  =  54  points,    Z_acb  =  6  points. 

C  The  diftance  on  the  larboard  tacks  is  12,40  miles. 
\  The  diftance  on  the  ftarboard  tacks  is  14,25  miles. 


jjestion  XVIII.  A  Jloip  that  can  lie  on  either  tack  within  6  points  of 
wind  then  at  ESE.,  having  her  Jlarboard  tacks  aboard,  fees  her  port 
lly  to  windward,  and  a  headland  that  lies  6  miles  to  the  NW.  of  her 
bore  E.  b,  N.  :  New  Jhe  wanting  to  reach  her  port  at  two  boards ;  re- 
'd  her  courfe  and  dijlance  on  each3  and  alfo  the  bearing  and  dijlance  of 
■eadland  when  Jhe  tacks  ? 

et  c  be  the  headland,  and  b,  6  miles  to  the  SE.  be  the  port ;  thro' 
id  b  draw  lines  parallel  to  the  E.  b.  N.  and  ESE.  rhumbs,  their 
|feftion  A  is  the  fhip's  place ;  lines  drawn  thro'  a  and  b  parallel  to 
'{  fhumbs,  6  points  from  the  wind,  will  meet  in  c,  the  place  where 
hip  muft  tack ;  draw  dc,  and  this  fhews  the  pofition  and  diftance  of 
headland  from  the  fhip  when  me  tacks. 

the  A  acb  is  given  bc  and  all  the  angles;  find  ab  =  8,979. 

the  a  abd  is  known  ab  and  all  the  angles  j  find  ad,  bd. 

the  a  bcd  is  known  bc,  bd,  and  Z_cbd  j    find  the  other  angles 

CD. 

sre  Z-ACB  r=  ii  points,  Acab  z=  3  points,  Z_abc  z=  2  points. 
Ihe  Z.bad  =  6  points,   Z.abd  =6  points,  Z_adb  =  4  points,  and 
=  4  points. 

f  Ship  runs  on  ftarboard  11,73  miles  NE. 
sswer  <  on  larboard  11,73  miles  S. 

(  Headland  bears  when  fhe  tacks  S.  290  32'  W.  dirt.  8,607  m-» 


C  ©  Question 
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Question  XIX.  A  fhip  on  her  Jlarhoard  tacks  paffing  by  a  point  % 
her  port  8  miles,  to  the  E.  b,  N.  and  at  the  fame  time  a  cliff,  which  lt\[ 
the  NJV.  b.  W.  of  the  port,  bore  N.  b.  E.  ;  the  /hip  on  her  ftarboard  <  jj 
lie  tvithin  6\  points  of  the  wind,  then  at  NE.  b.  E.  \  E.,  and  with." 
points  on  the  larboard ;  Jbe  propofes  to  reach  the  port  on'  two  boards  :  Reqi  4 
her  courfe  and  diftance  on  each,  together  with  the  bearing  and  diftance  0  \ 
cliff  whenjhe  tacks  about  r 

Here  the  point  c  is  taken  for  the  cliff,  in  order  to  bring  the  it  ^ 
within  the  limits  ;  but  if  a,  reprefenting  the  fhip's  place,  was  take  a 
the  centre,  the  conftruclion  would  be  more  fimple. 

In  the  E.  b.  N.  rhumb,  take  c  a  =  8  miles ;  draw  a  b  parallel  toJ 
S.  b.  W.  meeting  cb  drawn  SE.  b.  E.  in  b,  which  is  the  port  bound)! 
draw  ba  parallel  to  a  c,  meeting  the  S.  b.  W.  rhumb  in  A,  which  iitl 
fhip's  place;  thro'  A  draw  ad  parallel  to  a  rhumb  64  points  from! 
wind,  and  thro'  b  draw  bd  parallel  to  a  rhumb  7  points  from  the  vil 
their  meeting  d  is  the  place  where  the  fhip  is  to  tack;  then  DC  bjj 
drawn  (hews  the  bearing  and  diftance  of  the  cliff  from  the  fhip  wher  I 
tacks. 

In  the  A  cab,  is  given  bc=  ab  and  all  the  angles;  find  ca  =  6,1 

In  the  a  abd,  is  given  ab  and  all  the  angles ;  find  ad,  bd. 

In  the  a  acd,  is  known  AC,  ad,  and  Z.CAD  ;  find  the  other  arc 
and  cd. 

f  Courfe  on  ftarb.  is  N.  b.  W.  diftance  14,96  miles. 
Answer  \  Courfe  on  larb.  is  SE.  b.  S.  4  E.  diftance  16,97  m^e5' 
L  The  cliff  on  tacking  bore  S.  25*  22' E.  dift.  9,596  m 


Question  XX.  A  floop  at  fea  dif covers  two  beacons  at  the  extrin.\ 
of  a  Jhoal,  the  one  bearing  W.  b.  S.  and  the  other  which  bore  S.  was  9  ; 
to  the  SE.  b.  S.  of  the  northern  beacon  ;  the  port  bound  to  lay  NW.  iJ 
of  one  beacon,  and  S.  b.  E.  of  the  other :  Nozv  the  veffcl  can  lie  withbl 
points  of  the  wind  then  in  the  STV.  quarter,  and  it  being  high  water  Jht\ 
tack  clofe  to  the  fouthern  beacon  :  Required  the  place  of  the  wind,  witk 
courfe  and  diftance  en  each  of  two  boards  to  gain  her  port ;  and  alft  % 
bearing  and  diftance  from  the  port  when  foe  firft  faw  the  beacons  ? 

The  conftruclion  and  folution  of  this  queftion  being  not  much  ut 
the  two  lair,  they  are  here  omitted  to  exercife  the  learner's  (kill. 

r  The  Wind  is  SW.  b.  W.  4  W. 

A  t  WPD   3  Courfe  on  ftarb.  is  S.  diftance  8,478  miles. 
ANSWER  <  Courfe  Qn  hrb>  is  NW>  b<  w    diftance  4igy  miles# 

(.Port  bore  S,  35"  03' W.  diftance  7,05  miles. 


SECTK 
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SECTION    VIII. 

Of  failing  in  currents. 

I706.  A  Current  or  Tide  is  a  progreflive  motion  of  the  water, 
[ufing  all  floating  bodies  to  move  that  way,  towards  which  the  ftream 
I  directed. 

The  fitting  of  a  tide,  or  current,  is  that  point  of  the  compafs  towards 
iiich  the  waters  run  j  and  the  drift  of  a  current  is  the  rate  it  runs  per 
tur. 

The  fetting  and  drift  of  the  moft  remarkable  tides  and  currents  are 
ptty  well  known  :  But  in  unknown  currents,  the  ufual  way  to  find  the 
[ting  and  drift,  is  thus. 

Let  three  or  four  men  take  a  boat  a  little  way  from  the  {hip ;  and  by 
rope,  faftened  to  the  boat's  ftem,  let  down  a  heavy  iron  pot,  or 
Ij.ded  kettle,  into  the  fea  to  the  depth  of  80  or  100  fathoms,  when  it 
i\  be ;  whereby  the  boat  will  ride  almoft  as  fteady  as  at  anchor  : 
^ien  heave  the  log,  and  the  number  of  knots  run  out  in  half  a  minute 
til  give  the  miles  which  the  current  runs  per  hour  j  and  the  bearing 
C  the  log  fhews  the  fetting  of  the  current. 

707.  A  body  moving  in  a  current  may  be  confidered  in  three  cafes. 

naely,  Moving  with,  or  the  fame  way  the  current  fets. 

Moving  againft,  or  the  contrary  way  the  current  fets. 
Moving  obliquely  to  the  current's  motion. 

When  a  fhip  fails  with  the  current,  its  velocity  will  be  equal  to  the 

a  of  its  proper  motion,  and  the  current's  drift. 

JWhen  a  fhip  fails  againft  a  current,  its  velocity  will  be  equal  to  the 
irerence  of  the  current's  drift  and  its  own  motion. 

So  that  if  the  current  drives  ftronger  than  the  wind,  the  fhip  will  drive 
»,yn,  or  lofe  way. 

'  'When  the  courfe  fet  is  oblique  to  the  drift  of  the  current,  the  fhip's 
ftl  courfe,  or  that  made  good,  will  be  fomewhere  between  that  in 
viich  the  fhip  endeavours  to  go,  and  the  track  in  which  the  current 
u:s  to  drive  it :  That  is,  it  will  always  be  along  the  diagonal  of  a  pa- 
r;elogram,  wherein  one  fide  reprefents  the  fhip's  courfe  fet,  and  the 
oer  adjoining  fide  is  the  current's  drift. 

?or  fuppofe  abcd  be  a  parallelogram,  whofe  dia-  A  B 

gjial  is  ad. 

Mow  if  the  wind  alone  would  drive  the  fhip  from 
Ato  b,  in  the  fame  time  as  the  current  alone  would 
live  it  from  a  to  c. 

Then  as  the  wind  neither  helps  nor  hinders  the 
I^p  from  coming  towards  the  line  cd,  the  current  will  bring  it  there 
irthe  fame  time  as  if  the  wind  did  not  act. 

'\nd  as  the  current  neither  helps  nor  hinders  the  fhip  from  coming 
towards  the  line  bd,  the  wind  will  bring  it  there  in  the  fame  time  as  if 
tl  current  did  not  act. 

O  o  2  Therefore 
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Therefore  the  fhip  muft,  at  the  end  of  that  time,  be  found  in  botl 
thofe  lines  ;  that  is,  in  their  meeting  D, 

Confequently  the  fhip  muft  have  patted  from  a  to  d,  in  the  diagona 

AD. 

708.  When  the  fhip's  courfe  and  diftance  by  account,  and  the  fettini 
and  drift  of  the  current  are  given;  the  true  courfe  and  diftance  of  th 
ihip  may  be  found  either  by  working  a  traverfe,  in  which  the  fettin 
and  drift  of  the  current  are  ufed  as  a  courfe  and  diftance  ;  or  by  a  trigo 
nometrical  folution  of  the  triangles  forming  the  figure  :  Which  is  thu 
conftrucled. 

From  the  centre  of  a  circle  draw  the  fhip's  proper  courfe  and  diftanc 
and  the  current's  fetting  and  drift ;  with  thefe  two  lines  form  a  paral 
lelogram  ;  and  from  the  centre  draw  a  diagonal,  which  will  fhew  th 
fh ip's  real  courfe  and  diftance. 

709.  It  may  frequently  happen,  that  a  fhip  is  plying  to  windward  a* 
crofs  a  tide's  way.     In  fuch  cafes, 

Firft  conftrucl:  the  figure  for  the  plying  to  windward. 

Then  with  the  courfe  on  each 
form  parallelograms,  one  of  whofe  fides  in  each  muft  be  the  fhip's  rate 
and  the  other  the  current's  drift. 

And  lines  drawn  to  meet  one  another,  from  the  centre  and  port  bounv 
to,  parallel  to  the  diagonals  of  thofe  parallelograms,  will  fhew  tfcj 
courfes  and  diftances  the  fhip  muft  run  on  each  tack. 

The  figures  referred  to  in  this  fecYion  are  at  the  end  in  Plate  \ 
wherein  they  are  marked  by  the  number  of  the  queftion. 


tack,  and  the  fetting  of  the  curreni; 


Question  I.  A  fhip  falls  E.  5 
miles  an  hour,  in  a  tide  jetting  the 
fame  way  4  miles  an  hour  :  Required 
the  Jhip's  courfe,  and  the  dijlance 
made  good  ? 


The  fhip's   motion  is       5  m.  E. 
The  current's  motion  is     4  m.  E. 


The  fhip's  true  run  is         9  m.  E. 

In  this  cafe,  as  the  fhip  fails  from 
a,  the  fame  way.  the  tide  fets  ; 
therefore  her  motion  will  be  quick- 
ned  by  as  much  as  is  the  tide's 
motion, 


Question   II.    A  fhip  with 
hrifk  gale  fails  SSIF.  at  the  rate 
9  miles  an  hour,  in  a  current  fettit 
NNE.   1  miles  an  hour  :  Requirt 
the  Jhip's   courfe,    and   the-  diflan 
made  good  ? 

The  fhip's  motion  is  SSW.    9  m. 
The  current's  mot.  is  NNE.   2  m. 

The  fhip's  true  run  is  SSW.  7  m. 

Here  as  the  fhip  fails  in  a  co 
trary  direction  to  the  tide,  its  m< 
tion  will  be  flower  by  as  much 
the  tide    ads  againft   the    motie 
given  by  the  wind. 


Qt/BSTie 
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Question  III.  At  10  0  clock  in  the  forenoon,  a  Jhip  that  was  running 
ur  miles  an  hour,  comes  in  fight  of  her  port  bearing  ENE.  ;  but  finding, 

three  o'clock  in  the  afternoon,  that  Jhe  had  made  no  way,  fufpecls  a  cur- 
>it,  which  on  trial  was  found  to  fet  JVSJF.  five  miles  an  hour  :  What  has 
en  the  courfe  and  real  run  of  the  Jhip  during  this  time  ? 

In  this  cafe,  had  there  been  no  current,  the  fhip  in  5  hours  would 
.ve  got  a-head  20  miles  from  a  to  b  :  And  had  fhe  been  becalmed,  fhe 
ould  have  drove  with  the  current  25  miles  from  a  to  c  :Confequently 
e  difference  ad  of  thefe  motions,  is  the  way  the  fhip  has  run  j  that  is, 
,e  has  drove  a-frern  5  miles. 


Question  IV.  A  Jhip  in  doubling  a  cape  meetsajlrong  tide  fetting 
E. ;  and  after  running  SW.  18  miles  by  the  log,  the  cape  bore  N.  \  E.  : 
°quired  the  cape's  diflance,  and  the  drift  of  the  current  ? 

From  a  the  cape,  and  centre  of  the  horizon,  draw  ab  in  the  SW. 
umb,  and  equal  to  18  miles ;  thro'  b  draw  bc  parallel  to  the  fetting  of 
e  tide  in  the  SE.  rhumb  a  n  j  then  AC  drawn  S.  §  W.  its  interferon 
with  bc,  fhews  the  fhip's  place;  and  that  fhe  has  run  the  line  AC 
hile  the  tide  runs  the  length  of  bc,  or  a  n. 

[  In  the  triangle  abc  is  given  ab  and  all  the  angles,  to  find  AC,  BC. 
The  Z_b  =  8  points,  z_bac  =  3^  points,  Z-Acb  =  4!  points. 

.  5  The  ftip  nas  run  22,41  miles  S.  |  W. 

Answer-  l  The  dde  has  run  i3?35  miles  S£> 


Question  V.  A  Jhip  falling  in  tvith  a  current  Jetting  NNJV.  i  JV. 
[covers  a  riff  of  rocks  on  the  larboard,  the  eaflern  point  whereof  is  9  miles 
\  the  NE.  b.  N.  IE.;  which  can  be  weathered  by  fleering  E.  b.  S.  :  Re- 
Sired  the  diflance  the  Jhip  mufl  run  by  the  log,  and  alfo  the  drift  of  the 
rrent  ? 

Here  a  is  the  fhip's  place,  c  the  eaftern  point  of  the  rocks  to  be  wea- 
ered,  ab  the  courfe  fne  muft  fhape  in  order  to  run  along  the  line  AC, 
hich  is  the  diagonal  of  the  parallelogram  formed  by  the  fuppofed  way 
of  the  fhip,  and  a  n  the  current's  drift. 

An  w        j  The  apparent  run  by  the  log  is  10,76  miles. 
\  And  the  drift  of  the  current  is  10,27  miles. 


Question  VI.     A  Jhip  in  cr offing  the  mouth  of  a  river,  into  which  the 
le  fet  due  eafl,  fails  from  a  buoy  on  the  fouth  fide,  NE.  10  miles,  and  then 
Jls  in  with  another  buoy  on  the  north  fide,  di ft  ant  from  the  firfl  15  miles  : 
equired  the  Jhip's  courfe,  with  the  drift  of  the  (urrent  ? 

In 
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In  the  STF.  rhumb  take  ba  —  10  miles ;  on  a  with  15  miles  cutt 
E.  rhumb  bc  in  c :  Then  a  reprefents  the  fouthern  buoy,  c  the  n< 
thern  one;  ab  is  the  fhip  fuppofed  run,  Ac  the  real  run,  and  bc  t 
adrift  of  the  tide. 

Here  is  given  ab  — :  10,  ac  ==  15,  the  Z.B  z=z  12  points. 

A     wfr  k  ^e  ^'P's  cour^*e  is  N.  6i°  52'  E. 
I  The  tide's  drift  is  6,161  miles. 


Question  VII.  At  11  o'clock  in  the  evening  having  weathered  a  d 
en  my  Jlarboard,  a  lighthoufe  bore  StV.  b.  S.  and  a  Jirong  tide  was  fett 
WSW.  4  W.  at  the  rate  of  3^  miles  an  hour ;  at  4  in  the  morning  we  paj 
over  a  fandy  point  28--  miles  from  the  cape  :  Required  the  dijlance  betw 
the  lighthoufe  and  cape,  alfo  the  courfe  the  Jhip  has  run  ? 

In  the  ENE.  \  E.  rhumb  take  ba  —  17 \  miles  (~  3^  X  5)  for 
tide's  drift.  On  a  with  287  miles  cut  the  SW.  b.  S.  rhumb  in  c 
fandy  point;  thro'  a  and  c,  lines  drawn  parallel  to  bc,  ab,  their 
terfection  d  is  the  lighthoufe. 

A  5  The  diftance  ad  or  bc  is  12,72  miles. 

answer  I  The  ftip,s  c0urfe  a]ong  AC  b  s>  56„4i,  Weft> 


Question  VIII.  J  Jhip  running  fouth  at  the  rate  of  5  miles  an  ho 
in  16  hours  crojfes  a  current  which  all  that  time  was  fetting  wefl  at  the  r 
of  3  miles  an  hour :  Required  the  Jhip's  true  courfe  and  dijlance  failed  ? 

Here  the  fhip  is  firft  fuppofed  to  be  at  a,  her  imaginary  courfe  is  al( 
the  line  ab;  but  her  real  courfe  is  along  the  line  ac,  the  diagonal 
the  parallelogram,  whofe  known  fides  are,  ab  =  50  miles  (=  10 X 
and  bc  =  30  (=  3x10). 

Answer.     The  courfe  is  S.  30"  58'  E.  diftance  58,31  miles. 


Question  IX.  Suppofe  a  Jhip  in  24  hours  fails  NE.  100  miles  by 
log,  in  a  current  fetting  E.  b.  S.  l~  miles  an  hour:  What  is  the  courfe  * 
dijlance  made  good  ? 

Draw  ab  NE.  and  equal  to  100  miles,  thro'  b  draw  bc  parallel  to 
E.  b.  S.  rhumb,  and  make  it  42  miles  (==  i|  X  24) ;  then  draw  i 
which  fhews  the  true  run  of  the  fhip  from  a. 

Here  are  given  two  fides  ab,  bc,  and  Z_b  =11  points. 

Answer.    The  courfe  is  N.  609  49'  E.  diftanee  128,2  miles. 

Quest: 
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Question  X.  A  Jhip  departs  from  her  port  at  8  o'clock  in  the  even- 
\ r,  and  fails  before  the  wind  then  at  NNIV.  at  the  rate  of  3^  knots  an 
Mr,  in  a  tide  running  at  the  fame  rate  towards  the  eafiward;  and  next  day 
J  noon  Jhe  found  herfelf  84  miles  dijlant  from  her  port :  Required  the 
jp's  true  courfe  and  the  feiting  of  the  tide  ?  ^ 

In  the  NNW.  rhumb  take  ba  =  56  miles  (==  3^  x  16  h.),  on  a  with 

miles,  cut  an  arc  defcribed  from  b  with  56  miles,  their  interferon  c 

j  the  place  the  {hip  is  come  to,  a  being  the  port  failed  from  ;  AC  the 

i  aginary  courfe  before  the  wind,  bc  the  run  of  the  current,  and  a« 

1 1  real  run  of  the  fhip. 

Here  ba  =  bc,  and  the  folution  is  as  in  art.  358. 

Answer  \  The  M^s  true  courfe  is  S#  63°  55'  E* 

t  The  fetting  of  the  current  is  N.  74°  40"  E. 


Question  XL  A  Jhip  in  the  evening  departs  for  an  ifland  46  miles 
i  the  WSW.  but  by  a  Jlrong  tide  running  to  the  fouthward,  Jhe  found 
•J  -[elf  next  morning  on  a  Jhoal  65  miles  from  her  departed  port,  and  34 
lies  from  the  ifland:  Required  the  bearing  of  her  port  and  the  fetting  of 
i  tide? 

Here  a  is  the  pott  failed  from,  b  the  ifland  bound  to,  c  the  fhoal 
<me  to  j  the  conftru&ion  as  in  the  laft,  and  the  folution  as  in  art.  357. 

.  5  The  port  bears  N.  37*  37'  E. 

^Answer  }  The  P^  fct  s>  */ ^ 


Question  XII.  A  Jhip  in  latitude  41*  18' '  N.  is  bound  to  a  port  in 
Witude  460  30'  N.  lying  258  miles  to  the  wejl ;  where  being  arrived,  finds 
iber  dead  reckoning  that  Jhe  has  made  384  miles  of  northing,  and  206  miles 
1  wefling  :  Required  the  fetting  and  drift  of  the  current  that  occafioned  this 
tference  ? 

;Here  by  the  dead  reckoning  the  fiiip  fhould  have  gone  from  a  to  b; 
It  fhe  being  arrived  at  the  port  c,  the  fetting  and  drift  of  the  current 
<*\\  be  reprefented  by  the  line  bc  j  which  is  the  hypothenufe  of  the 
jingle  bfc,  whofe  legs  are  the  differences  between  the  real  and  ima- 
pary  differences  of  latitude  and  departures. 

For  the  current  fetting  fouthward,  will  caufe  the  fhip  to  be  longer 
f '.ting  to  the  northward,  and  thereby  increafe  her  account  of  northing  j. 
*i  by  its  fetting  weftward,  quickens  the  fhip's  motion  that  way  more 
tin  her  account  fhews. 

Answer.    The  current's  courfe  is  5,  35*  50'  W.  and  drift  88,82  m. 

Question 
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QUESTION  XIII.  AJhip  from  a  place  in  latitude  37°  40'  N.  fails  SSI 
dijlance  48  miles  in  10  hours  ;  then  ESE.  72  jw/Ay  in  14  £<?#r* ;  W/ 
<z//  the  tune  been  in  a  current  Jetting  SSW.  i~  ?niles  an  hour  :  Required  ; 
Jhip's  prefent  latitude  and  departure,  together  with  the  dirett  courfe  and  d 
tan'ce  Jhe  has  failed  ? 

As  the  current  has  run  it  miles  an  hour  for  24  hours,  its  whole  dr 
is  36  miles. 

The  beft  way  of  folving  this  queftion  is  to  confider  the  current  as  a 
other  courfe  and  diftance,  and  then  with  the  three  courfes  and  diftanc 
form  a  traverfe  table,  as  fhewn  in  art.  695* 


Traverse  Table. 

Courfes.     ID. 

N. 

s. 

E. 

66,5 

66,5 
32/r 

344 

W. 
18,4 
13,8 
32,2 

SSW. 
ESE. 

SSW. 

43 
72 

36 

44' 3 
27,6 

33.3 
105,2 

The  fouthing  and  eafting 
fhip  has  made  being  thus  know 
the  direct  courfe  and  diftance  \A 
be  found  as  in  art.  692. 

Here  the  fhip  departs  from  a,  a 
is  come  to  c  ;  ab  being  the  d 
lat.  and  bc  the  departure. 


Answer  \  Ihe  prefent  Iat'  is  35*  5^  N'  dePart>  34>3  mJIes- 
\  Direct  courfe  is  S.  180  03'  E.  diftance  110,7  miles. 


Question  XIV.     Tejlerday  noon  we  were  in  latitude  28 °  14'  N. 
have  failed  till  this  day  ?:oon  the fe  courfes,  viz.  SSE.  \E.  24  miles  \  JN 
b.  E.  \  E.  15  miles  \  ESE.  =  E.  45  miles  \  and  all  this  time  we  were  h 
current  fetting  S.  b.  IV.  1  ,|  miles  an  hour :  Required  the  Jhip's  prefent  la 
tude,  departure,  diretl  courfe  and  dijlance  ? 


Here  the  current  being  confidJ 
ed  as  a  courfe,  the  traverfe  tal 
gives  the  difF.  lat.  =  70,5  mill 
and  the  depart.  =  58,7  mill 
And  hence  the  direct  courfe  isil 
390  47'  E.  and  the  diftancej 
91,73  miles. 


In  any  queftion,  where  there  are  given  one  or  more  courfes  i 
diftances  failed,  and  alfo  the  fetting  and  drift  of  the  current,  the  W( 
may  be  performed  as  above. 

The  reafon  of  this  is  pretty  evident  j  for  as  each  courfe  and  diftai 
is  affected  by  the  current ;  therefore  inftead  of  correcting  them  one 
one,  as  fhewn  in  moft  of  the  preceding  queftions,  they  may  be  all 
lowed  for  together,  by  making  a  courfe  and  diftance  of  the  quality  ; 
quantity  of  the  current.  Questi^ 


Traverse  Table. 

Courfes. 

D 

N. 

7.i 
D.lat. 

S. 

21,2 

15,2 
41,2 

77.6 
7.i 

70,5 

E. 

11,3 

13,2 
42,4 

66,9 
8,2 

58,7 

W. 

8,2 
8,2 

Dep 

SSE.  IE. 
NE.bTE  |E. 
ESE.  1  E. 
S.  b.W. 

24 

'5 

4. 
42 
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Question  XV.     At  8  o'clock  in  the  evening,  a  Jhip  failed  from  her 
wt  on  a  SSTV.  courfe,  4  miles  an  hour;  a  Jlrong  tide  zvas  then  fetting  be- 
ieen  the  S.  and.  TV.  j    and* at  6  o'clock  in  the  morning  /he  paflfed  by  a  rock  , 
I  miles  to  the  wejlward,  and  60  miles  to  the  fouthward  of  her  port :  Re- 
ared the  fetting  and  drift,  per  hour,  of  the  tide  ? 

,  With  60  miles  as  a  cliff,  lat.  and  70  miles  as  a  departure,  find  the 

Ice  of  the  rock  at  c  ;   a  being  the  place  failed  from;    in   the  SSIV. 

limb    take  ab  =  40   (=.  4  x    10)  ;   draw  bc,  ac  :    Then  ab  is 

I:  fuppofed  courfe,  AC  the  real  courfe,  and  bc  the  fetting  and  drift  of 

t   tide. 

1 .-in  the  A  adc,  is  given  ad,  dc,  Z,d  ;  to  find  the  Z_s  and  ac  =z  92,2 . 

fin  the  a  abc,  is  known  ac,  ab,  Z.CAB;  to  find  Z.s  and  bc  =  59,37. 

i§ 

^Answer.     The  tide  fets  S.  67,09  W.  and  runs  5,937  miles  an  hour. 


Question  XVI.  At  fix  o'clock  in  the  forenoon  a  Jhip  weathered  a 
e  in  latitude  46*  32'  N.  ;  and  having  run  SE.  b.  S,  24  miles  by  the  log  in 
urrent,  found  herfelf  at  noon  in  latitude  46  °  if  N.  and  the  cape  bore 
NTV. :  Required  the  fetting  and  drift  of  the  current  ? 

; Make  ad  =  the  diff.  lat.;  draw  the  departure  dc,  meeting  the  ESE. 
imb  in  c;  draw  ab,  SE.b.S.  and  equal  to  24  miles,  and  join  bc. 
Then  a  is  the  cape,  c  the  place  come  to,  ab  the  fuppofed  run,  bc 
"drift  of  the  current,  and  ac  the  real  run. 
in  the  a  adc,  is  given  ad  and  the  angles ;  to  find  ac  =  39,2. 
i\h.  the   a  abc,  is  known  ab,  ac,  Z_bac  ;   to  find  the  angles  and 
=  23,41  m. 

Then  drawing  the  rhumb  a  n  parallel  to  bc,  it  fhews  the  fetting  of 
■  current. 

Answer.     The  current  fets  N.  7 7*  47' E.  and  runs  3,9  miles  an  hour. 


Question  XVII.  A  Jhip  bound  from  Dover  to  Calais  lying  21  miles 
'he  SE.  b.  E.\E.\  and  the  tide  of  flood  fetting  NE.  \  E.  24  miles  an 
r :  Required  the  courfe  Jhe  mujl  fleer,  and  the  dijlance  run  by  the  log  at 
rate  of  6  miles  an  hour,  to  reach  her  port  ? 

In  the  pofition  of  the  SE.  b.  E.  \  E.  rhumb  draw  dc  =  21  miles ;  and 
fallel  to  the  NE.  \E.  rhumb  draw  de  =  i~  miles ;  on  e  with  6  miles 
*:  DC  in  F;  draw  db  parallel  to  EF,  meeting  cb  drawn  parallel  to  de. 

Then  d  is  Dover,  c  Calais ;  and  the  fhip  by  trying  to  fail  along  the 
h  db,  will  be  driven  between  it  and  the  current  in  the  line  dc. 

Anwser.  The  fhip  rauft  fail  &.  39,i4E.  and  will  run  by  the  log  19,4  m< 

P  p  Question 
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Question  XVIII.    Teflerday  noon  we  were  in  latitude  42*  20'  N.  a; 

this  day  at  noon  find  our/elves  in  latitude  41"  10'  N. ;  by  our  account  we  ha 

failed  SIV.  h.  S.  189  miles,  and  all  the  time  have  been  in  a  current  fetti 

NW. :  Required  the  Jhitfs  direEt  courfe  and  dijlance,  with  the  current's  dr 

■per  hour  ? 

i 

Take  ad  =  70  miles,  the  diff.  lat.  draw  ab  parallel  to  a  n,  the  SI 
b.  S.  rhumb,  and  equal  to  189  miles;  thro'  e  draw  bc  parallel  to  t 
NJV.  rhumb  as,  meeting  the  departure  DC,  and  join  ac. 

Then  the  fhip  from  a  fuppofes  hcrfelf  failing  along  ab  ;  but  by  the  i 
tion  of  the  current  is  driven  along  ac. 

In  the  a  adb,  is  given  ad,  ab,  Z.bad  ;    required   the  angles 
db  -=  136,4. 

In  the  a  dbc,  is  known  db  and  the  angles;  to  find  DC  =  192  a 
bc  =z  123,1. 

In  the  a  adc,  is  known  ad,  dc,  Z_adc;  to  find  the  angles  s 
ac  =  204,4. 


Answer 


5  The  courfe  is  S.  690  58'  W.  ;    diftance  204,/ 
\  The  current's  drift  per  hour  is  5,13  miles. 


miles. 


Question  XIX.  Tljere  are  two  ports  which  lie  2 JO  miles  to  the  m\ 
end  fouth  of  one  another  ;  a  Jhip  fails  from  the  northern  port  with  her  J?  I 
board  tacks  aboard  within  72  degrees  of  the  wind  then  at  S.  at  the  rattl 
4  miles  an  hour,  in  a  current  jetting  fouth  2  miles  an  hour :  Required 
courfe  and  dijlance  on  each  tack  to  reach  the  fouthern  fort  ? 

From  a  point  a  in  a  line  ad  drawn  S.  72°  E.  draw  ab  r=  270  m 
to  the  fouth;    thro'  B  draw  bd  parallel  to  f n,  a  rhumb  720  from 
wind;  then  was  there  no  current,  the  fhip  muft  fail  from  a   to  D 
the  ftarboard,  and  from  d  to  b  on  the  larboard  tacks. 

Take  f«  =  2  miles,  draw  ac,  ac,  parallel  to  fd,  f  n,  and  make 
a  c,  each  of  4  miles;  draw  the  diagonals  f  c,  F  c  of  thofe  parallelograrj 
then  thro'  a  and  b,  lines  drawn  parallel  to  F  c,  F  c,  meeting  in   c, 
fhew  the  run  of  the  fhip  on  each  tack. 

Here    the    triangles  f  ac,    f  a  c,  being  congruous  by   conftructij 
therefore  the  Z_cab  (—  l_a  f  c)  is  equal  to  Z.cba  (=Z.<?Ff). 

Now  in  the  triangle  a  F  c,  is  given  a  f,  ac,  L.F  a c -=z  \Q%* ;   fi|l 
whence  the  other  angles  are  known  ;  viz.  L_a  f  c  —  490  37'. 

Then  in  the  triangle  abc,  is  known  the  fide  ab,  and  all  the  anjj 
whence  the  fides  ac  and  cb  are  eafily  found. 

Answer  \  ^e  cour*"e  on  ^^-  is  S.  490  37'  E.  diftance  208,4ml 
i  The  courfe  on.larb.  is  S.  490  37'  W.  diftance  208,4  m 


Quest: 
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Question  XX.  A  Jhip  that  makes  her  way  good  within  6i  points  of 
h  windy  is  bound  to  a  port  bearing  SJV.  b.  S.  \  TV.  dijlant  476  miles: 
low  the  wind  being  at  S,  b.  W.  a  current  fitting  S.  b.  E.  2-|  miles  an 
mr,  and  the  Jhip  failing  yi  miles  an  hour  :  Required  the  courfe  and 
1  lance  Jhe  muji  fail  on  her  flarboard  and  larboard  tacks  to  gain  the  port  ? 

In  the  SW.  b.  S.  |  W.  rhumb,  take  ab  =  476  miles;  thro'  a  and  b 
iaw  the  lines  ad,  ed,  in  the  dire£tions  of  rhumbs  6t  points  from  the 
•  nd,  at  S.  b.  W.  >  then,  was  there  no  current,  the  fhip  would  fail  on 
\i  lines  ad,  db. 

With  the  run  of  the  current  ah  —  2|,  and  the  run  of  the  fhip  7| 
f.les  an  hour,  taken  in  rhumbs  Ac,  Ad,  64  points  from  the  wind,  com- 
1  :at  the  parallelograms,  whofe  diagonals  a  c ,  a  d,  fhew  the  courfes  the 
Ip  will  move  in,  with  the  compound  motions  of  the  current's  and 
;  p's  runs. 

HThen   ac,  bc,  drawn  parallel  to  ad,  ac,  will  fhew  the  run  of  the 
;  p  on  the  flarboard  and  larboard  tacks. 

In  the   a  a  a  d  are  given  a  a,  Ad,  L.aAd,  to  find  the  L.da  a  =: 

In  the  a  a  a  c  are  given  a  a,  a  c,  L.  a  a  c  ;  to  find  the  L.  c  a  a  =  74°  54  . 
Then  qah  —  l_da  A;  z.<?A«  =  £ctfAj    and  Z_bac  z=.  (z_ba  n 

I  Z.CA«=)  85*  30'. 

Alfo  jLn  ao  —  Z.»ab  =  Ctsao  ==  Z.abc  =  27*  05'.  (183) 

fcThen  in  the  triangle  acb,  there  is  known  one  fide  AC,  and  all  the 
fcgles;  by  which  the  fides  ac,  cb,  may  be  found. 

.  C  The  courfe  on  the  ftarb.  is  S.  48*  56'E.  dift.  234,7  miles. 

answer  1  The  cQurfe  Qn  the  larb>  -s  g<  6^  39,  w>  dift>  5i+  mUes> 


Moft  of  the  Queftions  in  the  three  preceding  fe&ions,  altho'  not  of 
::h  common  ufe  at  fea,  as  thofe  in  fections  the  IVth  and  Vth,  yet 
ve  they  their  ufes  on  various  occafions,  as  will  evidently  appear  from 
;any  of  the  queftions  themfelves  :  But  there  is  another  excellent  ufe  to 
I  derived  from  their  folution,  that  does  not  appear  at  firft  fight  fo  evi- 
*nt  to  learners,  which  is,  the  furnifhing  them  with  an  agreeable  oppor- 
tunity of  exercifing  their  talents  in  the  application  of  Plane  Trigono- 
ietry  :  For  it  mould  be  well  obferved,  that  as  all  the  operations  rela- 
'ig  to  failing  depend  on  the  principles  of  Trigonometry,  fo  the  perfons, 
!  whom  thefe  principles  are  the  moft  familiar,  will  with' the  greateit 
.adinefs  not  only  apply  them  to  the  cafes  of  failing,  but  alfo  fee  more 
tarty  the  reafon  of  every  ftep  they  fhall  find  themfelves  neceflitated  to 
!lce  :  And  as  a  farther  exercife  for  the  underftandings  of  thofe  who  are 
'firous  of  extending  their  notions  this  way,  it  has  been  thought  proper 

annex  the  Queftions  in  the  following  fe&ion  with  their  folutions. 
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SECTION    IX. 

710.  A  collection  of  practical  queftions. 

The  figures  belonging  to  the  queftions  in  this  fe&ion  are  in  PI.  I 
and  numbered  the  fame  as  the  queftions. 

Question  I.     A  flip  in  latitude  470  30'  N.  is  bound  to  a  port  in 
titude  420  qo'  JV.  and  120  miles  to  the  wefl,  propofes  to  reach  her  port 
running  equal  dijlances  on  each  tack,  the  firfl  to  he  on  the  meridian  :    W,  I 
muji  the  courfe  be  on  the  fecond  tack,  and  how  far  on  each  ? 

Solution.     With  the  given  difference  of  latitudes  330,  and 
departure  rr  120,  conftrucf.  the  triangle  abc  ;  from  e,  the  middle  of. 
draw  ed  at  right  angles  to  Ac:  Then  drawing  dc,  the  lines  ad,  jj 
will  be  the  diftances  the  {hip  muft  run  on  each  tack. 

For  adc  is  by  conftruction  an  ifofceles  triangle.  (i< 

In  the  triangle  abc,  find  the  angles  (341),  Za  =  190  59'  =  Z.AC 
the  Z.ACB  — Z.ACD  =  ^_dcb  =  5C°02/;  and  900 —  Z.dcb  =  Z_bdc 

39°  5%'' 

In  the  triangle  cbd,  find  (340)  DC  =  186,8. 
Answer.     The  firft  courfe  is  S.,  the  2d  S.  390  58' W. ;  and  the  c 
on  each  tack  186,8  miles. 


Question  II.  A  Jhip  having  failed  NE.  b.  E.  from  a  port  in  lath 
420  1 8'  N,  met  afoop  who  had  failed  from  a  port  in  the  fame  latitude,  I) 
92  miles  to  the  zvejl  of  the  /hip's  port :  The  fum  of  their  dijlances  made  ! 
miles  :  Required  their  refpeElive  courfes  and  dijlances  ? 

Solution.  In  an  eaft  and  weft  line  take  b  a  ==  92  m.,  from  b  draw 

the  NE.  b.  E.  rhumb  bc  =  159  m.  join  ca  ;    then  ed,  drawn  at  ri 

angles  to  ca  from  e  the  middle,  gives  d,  fo  that  da  r=  dc         (i 

In  the  triangle  abc,  find  (343)  the  Z_bac  =  lufzf,  and  Z.ACE 

Z.cad-3i°47'. 

Then  Z_bac —  Z.cad  ==  /.bad  =s  82°40';  hence  Z.BDA  =  630: 

In  the  triangle  bad,  find  (340)  bd  ==  101,9  miles,  and  ad  =  57,7 

Answer,    The  fhip  fail'd  NE.  b.  N.  101,9  m^es>  an^  the  floop  fa 

N.  70  20' W.  57,7  miles. 


Question  III.  Tuo  Jhips,  a,  b,  fail  from  one  road,  their  cou 
making  an  angle  of  500  oo' ;  A  fails  between  the  S.  and  IV.  40  leagues 
failing  between  the  S.  and  E.  50  leagues,  has  got  15  leagues  to  the  fouthu 
of  A  :  Required  the  courfe  of  each  Jhip,  alfo  the  bearing,  dijlance  and 
pariure  frpm  A  to  b  ? 

Solution.  With  the  given  fides  and  included  Z.A,  conftrudt  the 
angle  acb:  On  a,  with  15  leagues,  defcribe  an  arc  at  d,  and  from 
the  middle  of  ab,  with  the  radius  ea,  cut  the  former  arc  in  d  (21 
draw  the  given  difF.  lat.  ad,  and  the  required  departure  db  :  Then 
the  port  failed  from,  A  one  fhip's  place,  b  the  other's. 

In  the  triangle  acb,  find  (343)  the  ^.cab  =  780  24",  and  /LCBA 
51*  56'' ;  the  fide  ab  will  be  found  39,1  miles.  In  the  triangle  adb,  wl 
ab,  ad,  are  known,  find  Z.DBA  =  220  34',    Z.dab  =  670  26', 
B0=  36,1. 

Answer,  a's  courfe  is  S.  34°io'W.  b's  isS.  t5°io'E. ;  b  bears  i 
a  S.  670  26'  E.  departure  bd  is  36,1  m.  the  dift.  a 
39,1  miles.  Qukst. 
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Question  IV.  From  two  ports  bearing  NW.  b.  N.  and  SE.  b.  S. 
■wo  Jhips  fail,  the  one  NE.  the  other  N  b.  E. ;  they  meet,  and  find  that 
he  fum  of  their  dijlances  added  to  the  dijiance  of  the  ports  made  148  miles: 
Required  the  dijiance  of  the  ports,  and  the  run  of  each  Jhip  ? 

Solution.     Make  a  triangle   ade   equiangular  to  the  triangle  re- 
hired, wherein    one  fide,  as   ad,  (hall  be  of  any  afligned    length,  as 
;o,  and  by  art.  340  find  de  =  41,61 ;    ae  =  23,57  ;    and  the  Turn,  of 
he  three  fides  of  the  triangle  ade  will  be  95,18  :  Then  fay, 
As       95>i8  :  148  ::  ad  =  30        :  ac  =  46,65. 
-Andas 95,18  ■:   148  :  :  de  =41,61  :  cb  =  64,70. 
fhen  the  other  fide  ab  will  be  36,25  miles. 
'   .  5  Lhe  diftance  of  the  ports  is   36,25  miles. 

\  One  (hip's  run  is  46,65  miles,  the  other's  64,7  miles. 


Question  V.  Tivo  Jhips  meet  at  fea  bound  to  two  ports  dijl ant  from 
ne  another  1 2  miles ;  Now  if  one  fails  NJV.  b.  N.  6  miles  an  hour,  and 
he  other  NE,  8  miles  an  hour,  they  will  arrive  at  their  refpeftive  ports  at 
''e  fame  time :  Required  the  dijiance  each  /hip  mujl  run,  and  the  bearing 
f  thofe  ports  from  one  another? 

Solution.  With  the  courfes  and  rates  of  failing  make  the  triangle 
iDE,  a  reprefenting  the  place  of  meeting;  parallel  to  de  draw  ag  — * 
2  miles;  thro'  g  draw  gc  parallel  to  ad,  meeting  ae  produced  in  c ; 
ire-'  c  draw  cb  parallel  to  ag,  meeting  ad  produced  in  b  ;  then  b  and 

are  the  ports.  For  ab  :  ac  :  :  6  :  8  ;  and  bc  t=z  12  =  ag,  bg  be- 
ng  a  parallelogram. 

In  the  triangle  ade,  knowing  ad,  ae,  and  Z.A,  find  Z.D  =z6o°  30', 
Le  =  400  45',  and  de  =:  9,015  miles;  then  de  :  bc  :  :  ae  :  ac  = 
0,65;  ::  ad:  ab  =  7,988. 

Answer  \  One  runs  NE.  10,65  miles;  the  other  NW.b.  N.  7,988  m, 
{  c  bears  from  b  N.  850  45'  E. 

Question  VI.  A  fleet  of  Jhips  Jleerifig  SW.  b.  S.  4  miles  an  hour,  on 
■itng  a  fail,  detached  a  cruifer,  who  gave  chafe  SE.  5  hours  at  the  rate  of 

miles  an  hour,  comes  up  with  and  takes  the  chace  (being  a  privateer}  ;  and 
fter  an  hour's  time  fpent  in  adjujling  matters  on  board  the  prize,  Jhe  Jleers 
or  the  feet  whojlill  kept  on  the  fame  courfe  and  rate  :  Required  the  courfe 
he  cruifer  mujl  Jhape,  and  the  dijiance  Jhe  mijl  run  at  7  miles  an  hour,  to 
nn  them  ? 

Solution.  Let  c  be  the  firft  place  of  the  fleet,  draw  cd,  SW.  b.  S. 
nd  cb,  SE. ;  make  cb  =  35  (=  7  X  5),  ca  =24  (=  4  X  6),  and 
raw  ab  ;  then  b  is  the  place  where  the  cruifer  took  the  chace,  and  a  the 
lace  where  the  fleet  was  when  flie  left  the  chace  :  Make  af  =  4,  fe 
=  7,  draw  bd  parallel  to  fe,  and  d  is  the  place  where  the  cruifer  joined 
:ie  fleet. 

In  the  triangle  acb,  find  Z.C  ab  =  630  25',  and  Z.CBA  =  370  49',  and 

b  =  38,39.  Then  (181)  /.fae  =  1160  35'.  In  the  triangle  fae, 
nd  Z.E  =  300  44',  and  Z.F  =  320  41'. 

In  the  triangle  adb,  fimilar  to  afe,  find  bd  =  63,58  miles. 

Answer.  The  cruifer  rauft  ftcer  S.  66"  26' W.  and  run  63,58  miles. 

Question 
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Question  VII.     A  Jhip  on  a  WSW.  courfe  can  fall  from  the  fort  A 
the  port  B  in  6  days  :  But  failing  at  the  fame  rate  by  the  log  on  a  NE.  b. 
courfe ,  Jhe  goes  from  b  to  a  in  3  clays,  a  current  all  the  way  between 
ports  fetting  eajl,  half  a  mile  an  hour  :  Required  her  dead  reckoning  0 
wards  and  homewards,  alfo  the  bearing  and  diftance  of  &  from  B  ? 

Solution.  In  the  9  days  outward  and  homeward  bound,  the  c 
rent  runs  at  f  mile  an  hour,  108  miles  eaft,  that  is  72  m.  for  outwar 
and  36  homewards.  In  an  eaft  and  weft  line  take  ad  =  36,  d  ^;=  7 
thro'  a  draw  a  WSW.  rhumb,  and  thro'  d  draw  a  NE.  b.  N.  and  SW.  b, 
rhumb,  continued  to  cut  the  former  in  e  :  Thro'  D,  E,  draw  paral 
to  d  E,  d  a,  cutting  in  b  ;  join  ab,  and  draw  bf  parallel  to  ea,  meet 
d  a  produced  in  F  j  then  a  and  b  reprefent  the  two  ports,  ae  the  o 
ward  dead  reckoning,  bd  the  homeward,  and  ab  the  true  diftance. 

For  ifAF  =be  =  d^=  72  is  the  drift  of  the  current  in  the  outw; 
account,  and  the  courfe  fhaped  is  along  ae,  the  fhip  muft  run  betwt 
af  and  ae  :  Alfo  if  bc  =  ad  =  36  is  the  current's  drift  homeward,  2 
the  courfe  fhaped  is  along  bd,  the  fhip  muft  run  between  bg  and  b 
But  ab  is  the  only  common  diagonal  to  the  parallelograms  fe  and  d 
confequently  a  and  b  are  the  ports. 

In  the  triangle  A  dE,  find  (340)  AE  r=  161,6  and  E  d—  BD  =  74,39 

In  the  triangle  adb,  find  (343)  Z.DAB  ==  390  39',  and  ZLdba  =  J 
36'.     Alfo  (340)  find  ab  =  99,04. 

A  ■  (  The  dead  reckoning  outw.  —  161,6  m.  homew.  =  74,39 

answer  1  The  tme  couffe  is  ^  2i,  2I,  w> .  diftance  99,04 mile 


Question  VIII.     A  Jhip  after  doubling  a  cape  and  failing  NE.  b. 
45  miles,  receives  in  the  night  confiderable  damage  from  a  Jlorm ;  Jhe  t 
bore  direStly  towards  a  lighthoufe  lying  24  miles  to  the  NW.  of  the  cape,-t 
having  run  40  miles,  and  the  day  breaking,  Jhe  difcovers  a  port  42  milt, 
the  north  of  the  cape :  What  was  her  courfe  and  diftance  to  that  port  ? 

Solution.    Draw  ad  NE.  b.  N.  45  m. ;  ab  N.  42  m. ;   ac  Nl 
24  miles;  join  dc,  make  de  =  40  m.  and  draw  ae,  ebj  then  a  is 
cape,  c  the  lighthoufe,  and  b  the  port. 

In  the  triangle  cad  with  the  given  fides  and  included  angle  a,  fi 
the  4<S  =  700  585',  AD  =  300  i6i/,  and  the  fide  cd  =  46,69  mile 

In  the  triangle  ade  with  the  given  fides  and  included  angle  d,  findi 
£dea  =  87°o8',  Z.DAE  s=  620  36',  and  ae  —  22,71  miles. 

In   the   triangle   bae  with  the  known  fides  ab,  ae,  and   incluc 
Z-Eab,  find  z.bea  =  i24°47/,  z_b=26°22/,  and  eb  =  24,67  mile 

A  c  The  courfe  from  e  to  b  is  N.  26*  22'  E» 

answer  I  And  thg  diftance  EB  is  24,67  miles. 


QviESTI' 
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QUESTION  IX.  A  Jhip  running  at  the  rate  of  \\  miles  an  hour,  with 
e  wind,  then  at  E.  b.  N".  bloiving  two  points  abaft  the  beam\  at  $  in  the 
>ening,  being  2  leagues  to  the  W.  b.  S.  of  a  headland,  Jhe  met  the  tide  of 

jod fetting  SSW.  at  the  rate  of  i|  miles  an  hour-,  and  at  9  that  evening, 
lighthoufe,  which  lay  to  the  NNE.  \  E.  of  the  headland,  bore  ENE.  |£.  .- 

4  °quired  the  Jhifs  courfe  aud  her  dijlance  from  the  lighthoufe  ? 

Solution.     From  5  to  9  is  4  hours,  in  which  time  thefhip  runs  18 

iiles,  and  the  tide  7  miles  :  Alfo  2  points  abaft  the  beam,  or  10  points 

i>m  the  wind,  is  NW.  b.  N. 
Suppofe  the  fhip  at  a  ;  then  in  the  E.  b.  N.  rhumb  take  ae  r=  6,  and 
is  the  headland  ;  in  the  NW.  b.  N.  take  ab  z=.  18  ;  thro'  b  draw  bc 
rallel  to  the  SSW,  rhumb,  and  equal  to  7,  join  ca,  ce  ;  thro'  e  draw 
NNE.^E.  rhumb,  meeting  in  d  a  ENE.^E.  rhumb  drawn  from 
Then  c  is  the  fhip's  place  at  laft,  AC  her  real  run,  and  d  the  plase 

i  the  lighthoufe. 

'In  the  triangle  abc,  where  two  fides,  ab,  bc,  and  the  included  Z.B, 

ft  known-;  find  Z-BCA  =  1010  19  j  Z_bac  =  22*  25%  and  the  fide  ac 

:  15,26  miles. 
In  the  triangle  cae,  where  are  known  ae  =6,  ac  =  15,26,  Z_cae 

I  *34*  55';   find  2_aec'=  320  47",  /.ace  =  12"  18',  and  the  fide 

r  =  19,94  miles. 
In  the  triangle  ced,  where  are  known  ce  =  19,94  m.  Z_d  =47* 

I ',  Z.dce _=  35*  36',  and  Z.dec  =  96*  35';  the  fide  ed  will  be  found 

;,67  miles,  and  the  fide  CD  =  26,74  miles. 

Answer.    The  fhip's  true  courfe  is  N.  56*  io' W. ;   dift.  from  the 
lighthoufe  26,74  miles. 


Question  X.  Two  Jhips  departed  from  a  port  at  the  fame  time, 
ier  one  had  failed  SE.  b.  E.  40  miles,  and  the  other  SW.  50  miles,  they 
tre  equally  diflant  from  a  rock  lying  direftly  fouth  of  their  port :  Required 
far  bearing  and  dijlance  from  the  rock  ? 

'Solution.  From  a  the  port,  draw  ab  SW.  50  miles,  ac  SE.  b.  E. 
4  miles,  join  bc,  and  from  f,  the  middle  thereof,  draw  at  right  angles 
t;  bc,  the  line  fd  meeting  the  meridian  in  D,  the  place  of  the  rock, 
al  join  db,  DC,  which  are  equal  by  art.  193. 

In  the  triangle  bac,  where  are  known  ab  =±  50,  ac  ==  40,  Z_bac 
-  iOi*  15';  find  z.acb  =  44»  35',  z.abc^=34*  io',  and  bc=  69,86 
*les. 

In  the  triangle  aec,  where  are  known  ac  :=:  40,  Z.EAC  r=  56'  15V 
/vce  =r  440  35',  z_aec  =  79°  io';  find  ec  =  33,86  miles. 

jrhen  cf  =  (4  bc)  —  ec  ==  fe  =  1,07. 

In  the  right  angled  triangle  fed,  where  are  known  fe  =  1,07,  and 
/'ED  =  79a  io';  find  the  fide  df  =  5,591. 

-n  the  right  angled  triangle  Dfc,  where  df  ==  5>59l>  fc  r£  34,931 
fil  the  £.fdc  =  8o°  54',  and  dc  r=  35,38  miles. 


Answer  \  Tne  ^ip  at  B  ls  35'3^  miles  to  tne  s-  88°  16' W.  the  rock. 
(  The  fhip  at  c  is  35,38  miles  to  the  N.  709  04'  E.  the  rock. 

Question 
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Question  XI.     Sailing  E.  b.  S.  with  a  brijk  gale  q\  knots  an  hour, 
faw  two  ijlands,  one  bearing  SE.  b.  S.  the  other  E.  b.  N.  j .  the   tide  tx 
then  running  STV.  b.  W.  l\  miles  an  hour  :  Two  hours  after,  the  firjl  ijlc 
bore  TV.  b.  S.  and  the  other  NTV.  b.  N. .-  Required  the  flip's  courfe  and  a 
tance,  together  with  the  bearing  anddijlance  of  thofe  iflands  from  one  anothe, 

Solution.  In  an  E.  b.  S.  rhumb,  take  ac  =  15  miles,  (=  71 
X  2) ;  thro'  a  draw  ab,  ae,  parallel  to  the  E.  b.  N.  and  SE.  b.  S.  rhuml 
draw  CD  SW.  b.  S.  and  equal  to  5  miles,  which  the  tide  runs  in  t 
hours  ;  thro'  d  lines  being  drawn  parallel  to  the  NTV.  b.  N.  and  TV.  b. 
rhumbs,  their  interferons  with  ab,  ae,  give  e,  the  place  of  one  iflai, 
and  B,  the  place  of  the  other ;  join  ad,  be. 

In  the  triangle  adc,  where  AC  =  15,  dc  =  5,  and  Z.ACD  =  45'  oc 
find  the  Z_cda  =  117°  52%  Z_cad  =  17°  08',  and  ad  =  12  miles. 

Now  as  ed  is  parallel  to  ab,  and  bd  parallel  to  ae,  therefore  AB] 
Is  a  parallelogram ;  and  fo  ab  ==  ed,  ae  =  bd. 

In  the  triangle  aed,  where  ad  =  12  miles,  Z_aed  =  ii2°3i 
Z.DAE  =  27°52',  and  Z-Ade  ==  39°  38';  find  ae  =  8,286  miles,  a 
ed  =  6,072  miles. 

In  the  triangle  abe,  where  ae  r=  8,286  miles,  ab  =  6,072  mill 
and  Z.eab  =  67*  30' ;  find  /.abe  =  690  15",  the  Z»aeb  =  430  1 
and  the  fide  be  =  8,186  miles. 

A  j  The  m*P's  courfe  was  S.  6i°  37'  E.  diftance  12  miles. 

answer  1  TheAr  iflandborefromthe5.  iflcN^o'E.  dirt.  8,186) 


Question  XII.     Coming  out  of  port  into  which  the  tide  of  food  u 
then  fetting,  I  faw  two  headlands;  the  northern  one,  which  bore  ENE.  ' 
was  known  to  be  15  miles  to  the  NNE.  \E.  of  the  other,  which  then  bt 
S.  b.  E.  :  After  running  E.  b.  S.  ~  E.  24  miles  by  the  log,  the  northern  hea 
land  bore  NTV.  and  the  other  TV.  b.  S.  :  Required  the  fetting  and  drift 
tbe  tide? 

Solution.  In  a  NNE.  \  E.  rhumb  take  ab  =  15  miles ;  thro' 
draw  ac  N.  -b.  TV.  and  ad  E.  b.  N. ;  alfo  thro'  b  draw  bc  TVSTV.  \  I 
and  bd  STV. ;  then  c,  the  interferon  of  ac,  bc,  is  the  {hip's  place 
firft,  and  d,  the  meeting  of  bd  and  ad,  is  the  fhip's  place  at  laf 
From  c  draw  an  E.  b.  S.  \  E.  rhumb  ce  =  24  miles,  and  draw  ad,  ed 

In  the  triangle  abc,  where  ab  =  15  miles,  Z.acb  =  95°  38',  a 
the  Z.CBA  —  450  00' ;  find  ac  =  10,66  miles. 

In  the  triangle  abd,  where  ab  =  15  miles,  /.adb  r=  56*  15',  a 
the  Z.ABD  =  730  08';  find  ad  =  17,26  miles. 

In  the  right  angled  triangle  cad,  where  ac  =  10,66,  and  ad  :lj 
17,26;   find  Z.ACD  =  580  19',  Z.ADC  =  310  41%  and  CD  =  20,2911 

In  the  triangle  cde,  where  ce  =  24,  cd  =  20,29,  an£l  ^-DCE  : 
I4°49/;  find  Z.CDE  =  112,29,  z.ced  =  520  42%  and  de  ^6,5221 

Answer.     The  tide  fet  S.  420  55'  W.  and  its  drift  is-  6,522  mil 

Questk 
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^  Question  XIII.  A  Jhip  running  5  knots  an  hour  difiovers  Scil'y 
'igbts  bearing  NE.  b.  N.  dijlant  6  leagues,  the  flood  tide  being  juji  made, 
aid  fitting  ENE.  2  miles  an  hour  :  Required  what  \ourfe  /he  mujl  Jleer\ 
<nd  'how  far  by  the  leg,  to  bring  her f elf  5  leagues  to  the  fouth  of  the  Lizard, 
vhich  lies  1 1  leagues  to  the  E.  b.  Nf.  \  £.  of  Sally  ? 

Solution.  Draw  $l  E.  b.  N.$  E.  33  miles,  le  S,  15  miles,  and  sa 
W.  b.  S.  18  miles;  join  se,  ae  :  Draw  ab  ENE.  2  miles,  and  on  B 
rith  ec  —  5  miles  cut  ae  in  c,  join  bc  ;  draw  ad  parallel  to  EC,  and 
p  parallel  to  ab  ;  then  a  reprefents  the  fhip's   place  at  firft,  s  Scilly, 

the  Lizard,  e  the  fhip's  place  at  laft,  and  ad  the  rhumb  and  diftance 
le  muff  fail. 

[  In  the  triangle  sle,  where  si-  —  33  miles,  le  —  15,  and  the  Z_sle 
:84s  22';  findz_LES  —  700  1 8',  <Llse  =  25"  20',  and  se  =  34,89  m. 

In  the  triangle  ase,  where  as  =  j8,  se"==  34,89,  and  the  £.ase  = 
1)4°  02';  find  Z.SA.E  =  51°  59',  ^.sea  =  230  59',  and  ae  =  42,96  m. 
!  In  the  triangle  abc,  where  ab  =2,  ec  =  5,  and  Z_bac  =  i8q  14' j 
jid  Z_c  =  70  ii'. 

"Now  in  the  triangle  ade,  fimilar  to  the  triangle  abc,  are  known 
e  =  42,96  miles,  /.DAE  =  70  11',  z_a ed  =  iS0^',  and  the  Z_d  = 
'49  35'  *  hence  the  fide  ad  will  be  found  =  31,32  miles. 

Answer.     The  fhip  mu ft  fail  S.  870  05'E.  diftance  31,32  miles. 


[Question   XIV.     At  6   o'clock  in  the  evening  a  privateer  fiatu  a  Jhip 

'eclly  to  windward  bearing  NE.  about  3   leagues  d'iflance,  they  were  both 

fe  hauled  on  their  Jiar board  tacks  ;  tbe  privateer  having  failed  1 8  miles, 

1 9  o'clock  the  Jliip  bore  E.  b.  N.  \  E.  :  Now  the  privateer  finding  he  got 

mad,  would  J'peak  with  the  fi)ip  at  2  o'clock  in  the  morning  :  Required  at 

vet  rate  the  privateer  mufll  fail,  and  at  what  time  tack  about,  keeping  6 

nts  from   the  wind,  fuppofing  the  other  Jhip  does  not  alter  her  courfe  and 

e  of  jailing  ?■ 

•[Solution.  Six  points  from  the  wind  at  NE.  on  ftarb.  tacks  is  NNIV.  ; 

t!;n  in  a  line  af  parallel  to  a  NNIV.  rhumb  take  Ac— 18  m.  draw  ai  NE. 

iiwhich  take  ab=9  ;  alfo  bg=3,  gi— 5,  representing  the  times  between 

£.nd  9,  and  9  and  2  o'clock  ;  draw  be  parallel  to  af,  and  thro'  c  draw' an 

'tb.  N.  ~  E.  rhumb  cd  ;  join  dg,  draw  ie  parallel  to  DG;  thro'  E  draw 

^6  points  from  the  wind,  and  join  ec,  cb  :  The.n  the  privateer  tack- 

If;  at  F,  will  meet  the  fhip  at  E. 

-In  the  triangle  abc,  find  zLabc  =  82°  46',  Z_acb  =  29°  44%  and  cb 
516,76. 
In  tl  e  triangle  cbd,  find  bd  =  12,04,  an(^  dc  =  8,689, 
Then  bg  :   Gi  :  :  bd  :  DEr:  20,07  ra^es  the  fhip  fails  from  9  to  2. 
In  the  triangle  cde,  find  i_q  =  8ia  31',  Z,e  =  25°  21',  and  ec  = 
42  miles. 

n  the  triangle  CEF,  find  fe  =  11,76,  and  fc  =  25,87  miles. 
vJow  fe  -J-  fc  =  37,63  m.,  which  run  in  5  hours,  is  7,12  m.  an  hour. 
\nd  fc  at  7,12  m.  per  hour  gives  3  h.  37  m.  48  f.  after  9  o'clock. 

:  bswER.    The  privateer  muft  tack  at  12  h.  37  m.  48  f.  and  fail  7,12 
lies  an  hour. 

Q^q  Quest  rot 
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Question  XV.  Two  fl)ips  fleering  between  the  S.  and  IV.  parted  co 
pany  in  latitude  20°  15'  N.  one  going  1\  points  more  wejlerly  than  the  othe 
next  day  at  noon  they  arrived  at  two  ports  in  latitude  19*  j.6'  N.  and  dj/lt 
45  miles :  Required  the  courfe  and  diflance  which  each  flip  failed  after  t 
pe,  rjed  ? 

Solution.  In  an  eaft  and  weft  line  take  cb  —  45  miles ;  on 
dcfcribe  (180)  the  iegment  cba  of  a  circle  that  fhalJ  contain  an  anj 
eoual  to  300  56'  — :  2|  points;  in  the  meridian  take  bh  ==  59  miles,  t 
c'iff.  lat. ;  thro5  h  draw  ha  parallel  to  cb,  meeting  the  circle  cba  in 
draw  af  parallel  to  HB,  meeting  cb  produced  in  F,  join  ab,  ac,  a 
from  e  the  centre  of  the  circle  cba,  draw  ea,  ebj  eg  parallel  to  Cj 
md  ed  parallel  to  bh. 

In  the  right  angled  triangle  ebd,  where  Z.DEB  ==  (Z_CAB=)  300  5 
and  db  — :  22,5  miles ;  find  ed=fg  1=37,54,  and  eb  =  ea=:  43,77 

In  the  right  angled  triangle  aeg;  findZ_AEG=29e22/,  and  E  0=138,] 

In  the  right  angled  triangle  AFB,  where  af  =  59  miles,  BF  z£ 
(==  eg)wdb  =  15565  ;  find  Z_baf  £=  140  51',  and  ab  =  61,06 mil 

In  the  right  angled  triangle  afc,  where  af  =  59,  cf  :=,CB  -|-  BF 
60,65  miles,  and  ^_caf  =  450  47';  find  AC  ==  84,62  miles. 

«  \  The  courfe  of  one  fhip  is  S.  14s  51'  W.  dift.  61, c6  mil 

\  The  courfe  of  the  other  is  S.  450  47'  W.  dift.  84,62  mil 


Question  XVI.  Two  Jhips,  a  and  b,  both  going  at  the  rate  of  6  h 
an  hour,  parted  company  in  the  latitude  of  45  °  N.  A  fleering  in  the  iV 
and  B  in  the  NW.  quarter ;  next  day  at  noon  they  both  arrived  at  their  pot 
A  in  lat.  45°  58''  N.  B  in  lat.  45^  36'  N.  and  the  fu?n  of  their  departu 
was  64  miles :  Ji  zvhat  hour  did  they  part,  and  what  was  the  courfe  c 
dfhuice  each  Jhip  had  failed  ? 

Solution.     Make  the  departures  fg  e±  64  miles,  the  difF.  lat.  fbi 
58,  and  gc  ■—  36  miles ;  draw  ec,  and  from  K,  the  middle  of  bc,  dr; 
at  right  angles  to  bc,  he,  meeting  fg   in  a,  and  bf  produced  in 
join  ac,  ab  ;  then  draw  ah  parallel  to  fb,  and  CD,  bh  parallel  to  r 
meeting  ah  in  I  and  H, 

In  the  right  angled  triangle  bdc,  where  DC  =  64,  db  =  22;  fi 
^.dbc  rr:  71s  02',  Z.DCB  =  i8p  58',  and  BC  -=  67,69  miles  :  Hence: 

=  KC  =  33>84- 

In  the  rigbf  angled  triangle  eke,  where  4_e  5=  180  58',  Z.kbe 
7i°02/>  a.iri  kb  r=  33,84  miles  j  find  be  =  104,1 :  Hence  be  —  bf 
?e  — :  46,1  miles. 

In  the  right  angled  triangle  efa,  find  fa  =  I5,84miles:  Hence. 
5=  48,16. 

In  the  right  angled  triangle  aic,  where  ai=  (gc=:]  36,  ic  z=  48,1 
find  Z-iAC  =  53p  13%  and  ac  =  60,13  m^es- 

In  the  right  angled  triangle  ahb,  find  Z_bah  =  15°  17'. 

Nov/  a  cor  A  b  —  60, 1 3  divided  by  6  gives  10,02  hours  =ioh.  2m.  1 

»  (  The  fhips  parted  at  1  h.  58  m.  48  f.  in  the  morning. 

Wf  I  a's  courfe  is  N.  15°  if  W,  b's  is  N.  53'  13'  E. ;  dift, 

each  is  60, 1 3  mil 
Ql'SSTl 
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QUESTION  XVII.  PaJJing  by  a  rock  lying  off  the  mouth  of  a  harbour 
Viafe  breadth  is  12  miles,  the  wejiern  point  thereof  bearing  NNIV.  is  9  miles 
It  ant  from  the  toivn  ;  and  the  eajlern  point  of  the  mouth  bearing  NE.  b.  2V» 
i  6  miles  from  the  town  :  Required  the  dijlance  of  the  rock  from  the  wejiern 
id  eajlern  points t  and  alfo  from  the  town  ivhich  bore  N.  b.  E.  ? 


Solution.  With  the  three  given  fides,  12,  9,  6>  having  conftrutled 
{ riangle  where  a  and  c  are  the  weftern  and  eaftern  points  of  the  bar- 
ter's mouth,  and  b  the  town  j  make  the  Z_acd  —  3  points,  —  £_  be- 
teen  the  bearings  of  a  and  b  ;  alfo.  make  the  Z_cad  2=  2  points  ==  ^ 

■.■ween  the  bearings  of  c  and  b  ;  thro'  adc  defcribe  a  circle;  then  the 

ht  line  bdf  being  drawn  will  give  in  the  circumference  the  point  f, 

:  place  of  the  rock. 

For  theZ.AFD=Z.ACD=3points;  and/.CFD=^iCAD=:2  pts.  (212) 

[n  the  triangle  abc,  find  Abac  =  280  57',  the  Z_bca  =  46"  33', 

1  the  /.ABC  —  1040  30'. 

[n  the  triangle  acd,  where  Z_adc  r=  1230  45',  Z_dca  -=  3  points, 

>ac  z=  2  points,  find  da  =  8,018  miles. 

Eft  the  triangle  adb*  where  ab  =  9,  ad  —  8,018,  and  Z.bad  =  6<s 
;  find  the  Z.ABD  =41°  05!':  Hence  Z_cbd  —  630  24'. 

n  the  triangle  abf,  find  af  =  10,65  miles,  andFB  =  15564  miles. 

n  the  triangle  fbc,  find  fc  =  14,02  miles. 

\nswer.  fa  zs:  10,65,  FB  '=-  15^4,  fc  =  14,02  miles. 


Question  XVIII.     At  night  cajling  anchor  among  a  clufler  of  iflands, 
bferved  three  lighthoufes  A,  B,  c  ;  A  bore  NNE.   b  bore  SSE.  |  E.  and 
■ore  eajl',  the  dijlance  from  A   to   B   is  94  miles,  from  B  to  c  78  miles, 
B'  from  A  to  c  is  59  miles  :  Required  my  dijlance  from  each  light houfe? 

Solution.  Let  abc  be  the  triangle  formed  by  the  diflances  of  the 
the  lighthoufes ;  on  cb,  ca,  defcribe  (180)  fegments  of  circles  that 
fill  contain  the  angles  included  between  the  bearings  of  c  and  b,  and 
ft:  and  a  ;  and  the  interferon  d  of  thefe  circles,  is  the  point  where 
&  fhip  caff,  anchor :  Thro'  the  centres  h,  k,  draw  a  e,  b  g,  at  right 
«les  to  cb,  caj  and  draw  eb,  ec$  hb,  He;  gc,  gaj  kc,  ka  ; 
ai  join  kh  cutting  cd  in  m. 

STow  becaufe  cd  is  a  chord  common  to  both  circles^  therefore  hic  bi- 
fes  cd  in  m:  Alfo,  becaufe  Acdb  and  Z^ceb  together  are  meafurcd  by 

*:  the  circle  (211);  therefore  Z_ceb  —  i8o,—-Acdb;  and  for  the 
»|e  reafon,  thez_CGA  —  180*  —  Z.cda  ;  therefore  the  L.  s.  ceb,  cga, 
ar  known;  and  (210)  fo  are  their  equals  L.CHa  =  6i*  52-',  ck/>  = 
6J  30'. 

■1  the  triangle  cab,  from  the  given  fides  find  z.cab  ==  55"  48% 
£|ba  =  380  44',  and  the  Z_acb  =  850  28'. 

P  the  right  angled  triangle  c<jh,  where  c  a  =  39  m.  L.CH  a  —  61  ° 
5-';  find  ch  =  44,22  miles. 

I  "»  the  right  angled  triangle  c  b  K,  where  C  h  zz.  29^-  m.  Z-CK  b ~= 
}",  30'i  find  ck  ^  31,93  miles, 

Q,q  %  ,       In 
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In  the  triangle  kch,  where  kc  =  31,93,  ch  =  44,22,  the  Z_kc 
=  136"  06'  (—  Z.KCA  -}-  Z.ACB  -\-  Z.BCH)  ;  find  Z.CKH  =  2$*  4 
and  z.chk  =  180  14'. 

In  the  right  angled  triangle  CH  m7  where  Z.CH  m  ■==  xi"  14',  a  .d  < 
=  44,22  m. ;  find  c;«  =  13,84  miles,  which  doubled  gives  cd  =  27, 
miles. 

In  the  triangle  acd,  where  cd  =  27,68  m.  Z_cad  =  25*  4c-*-',  a 
Z.acd=4i°  49!';  find  ad  =42,6  miles. 

In  the  triangle  adb,  where  ab  =  94  miles,  tLbda  =  129"  22 
jLdab  =  300  074.'  j  find  db  =  61,03  miles- 

f  a  is  42,6  miles. 

Answer.  The  diftance  from  d  to-s  b  is  61,03  miles. 

L  c  is  27,68  miles. 


Question  XIX.  In  latitude  480  50'  N.  we  were  attacked  by  a  private 
who  upon  receiving  our  broadfide  lay  to,  and  we  flood  away  NNIV,  ;  f 
time  after  the  privateer  bore  away  NE.  b.  N.  and  two  hours  after, 
having  by  our  ejlimation  run  10  miles,  was  7  miles  direclly  eafi  of  u 
Now  by  our  account  we  had  failed  4  leagues  fmce  the  aclion,  and  the  tide 
the  time  has  run  two  miles  an  hour :  Required  the  fetting  of  the  tide,  , 
fane  the  privateer  lay  to,  cur  rate  of  failing,  and  each  fhitfs  direel  courfe  a 
dijlance  ? 

Solution.  Suppofe  the.  action  at  a,  then  parallel  to  the  NNl 
and  NE.  b,  N.  rhumbs,  draw  ab  =  12  m.  ac=  10  m.  and  join  b 
thro'  c  draw  cd  =  7  miles  due  weft;  join  bd,  and  in  this  line  produc 
take  di  —  4  miles  the  tide's  drift  in  2  hours ;  draw  cf  parallel  and  eq 
to  di;  thro'  f  draw  a  weft  line  fg,  meeting  bi  in  1,  and  a  merid 
thro'  a,  in  G;  and  draw  af,  ai,  which  reprefent  the  runs  of  the  | 
fhips,  f  being  the  place  of  the  privateer  when  fhe  was  7  miles  eaft  of  t 
other  fhip  then  at  1. 

In  the  triangle  abc,  where  ab  =  12,  ac=  10,  and  Abac  = < 
15  ;  find  Z.acb  =  710  3i|/,  z_ABC  =  520 13-'/,  and  bc  =  10,52  mi' 
In  the  triangle  bcd,  where  bc  —  10,52  m.  cd  =  7  m.  Z-BCD  =  I 
i64/(=7i*3i^_-56«  15;);  findABDC=:i3804o',  z.dbc  =  260o, 
arid  bd  =4,197  miles,  which  is  the  tide's  run  while  the  privateer  lay  b 
In  the  triangle  acf,  where  ca  =  10  m.'  cf  =  4  m.  and  Z_acf  = ! 
25'(=^DCF  — ADCA);  findZ.AFC  =  74052{-',  /LCAF=:22042-';/,.a 
af  =  10,27  miles,  the  diftance  failed  by  the  privateer. 

In  the  right  angled  triangle  agf,  where  af  =  10,27,  the  Afag 
(Agac  +  2Lcaf  =)  56"  271'i  find  ag  =  5,675,  and  gf  =  8,5 
miles. 

In  the  right  angled  triangle  agi,  where  ag  =  5,675,  gi  =  (GF' 
IF  =}  i>56iJ  fintl  Z-GAi  =  15°  23',  and  ai  =  5,886  miles. 

Now  4,197  m.  divided  by  2  m.  per  hour,  gives  2,098  h.  =  2h.  5 
52  f. 

f"  The  privateer  lay  by  2  h.  5  m.  52  f.  nearly. 

Answer  ^SetidcfCtsSr^t(?'E;        ,*    ,n 

j  I  he  privateer  failed  N.  5O  27  E.  diftance  10,27  mile; 

I  The  other  fhip  failed  N.  15°  23'  E.  diftance  5,886  mile 


7^7e$e4uj  jr/i//i  . 
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55,5° 

16,84 

54,61 

'9,54 

53,59 

59153,93 

2.90858,72 

C,7? 

r8,36 

8,6657,87 

11,51 

"^7,23 

14,34 

56,45 

I7,iv 

5  5,55 
56,49 

19,88 

54,51 

2,94859. 71 

5,38 

9,35 

8,8= 

53,85 

1  I  ,  7  TJ 

58,20 

14,58 

57,42 

'7,42 

10,21 

55,43 

si 

Dep. 

Lt    IlJep. 

Lat.  ; 

Dep. 

Lat. 

Dep. 

at.'| 

Dep. 

Lat. 

Dep. 

Lat. 

Dep.l 

Lat. 

Dep. 

'  1    ■  1  >       s 

t 

0 

t 

'i 

x 

O 

— 

7   Points                                 j 

0  i'guus 

TRAVERSE 

O  Points 


TABLE, 

1  Point 


at. 

53 

,93 
l>92 
U» 

>9~ 
-91 
,92 
,92 

1,9 

li2 

,92 

I-'9 
,9J 

,  ,9 

|  ,9 
-91 

|»9 
If. 9 
j  ,9' 

1.9 


Dep. 

2,99 

3,°4 

3>°9 

3,H 

3,T9 

3>2 

3,29 


-39 


Lat. 


60,7 
61,70 
6z,70 
63,69 
64,69 
6s,  68 
6,68 
3, 34^7,6  7 


68,67 
69,66 


3,48j70,66 
3,53J7',65 
3,5S|72»65 
3,63f73>64 
3,63374,64 
3>73p,63 
3,78176,63 
3.83j77»62 
3,88178,62 

3.9  3179  61 


.9°  3>9S 


1,9114,01  81,60 
',901  4,07  82,6c 


:,9° 
1 ,90 

,89 

b9 
,3, 

,89 
,89 

',89 

,89 

:,8q 

,88 
,SS 

;,88 
,S8 
,_*_8 

ji,9 
l»9 
I  .9 

J1  .9 
I  .9 


4, 12; 
4,'7 

4,22 
4,27 
4,32 
4-3: 
4,42 


0,6l 


,  3-59 
H.59 
85,58 
S6,58 
87,58 
57 
89^7 
90,56 
9r,56 
92,5: 
93, 5r 
94.- 5  4 


S,9b 
6,08 
6,17 
6,17 
6,37 
6,47 
6*57 
6,66 

6,76 
6,86 

6,96 
7,06 
7,i5 
7,*5 
7-35 
7,4-; 
7,55 
7,64 
7,74 
7.84 


60,34 

6', 33 

62,32 

63,3! 
4»3C 
65,28 
66,27 
67,26 

68,25 
69,24 


7,94 
8,04 

8,14 
8,23 
8,3? 
3,43 
8,53 
8,63 


70, 

71' 
2,21 

73,2C 
74>*9 
75.18 
76,* 

77>I5 
78,14 

79^3 
80, ii 
81,11 
Sz.i'o 
83,09 
84,08 

85,07 
86,06 

^7,05 


uep 

X9S|59  83 

9,10560,8  j 

9,24J6i,79 
9.39S62'77 
9,54i63>75 
9.68164,73 

9,83p5,7 ' 
9,98166,69 

10,12167,67 
io,27|68,66 

10,42869,64 
10,56^70,62 
10,71871,60 
10,86172,58 
".coj73,56 
'i.1 5574, 54 
",30|75,5 

1 1. 45176.50 

".59177 


:!5 

9 

9 
'-■9 

i     P. 

*  1— 


4,47 

4,52 

4,56 

4,6 

4,66 

4,7il95,54 

4,76396,53 

+,8i!97.53 

4,86198, 52 
4,93199^ 

4,961100,5 
5,011101,5 
S,o5|ica,f 
5,108(03,5 

5,2o|ioc,5 

5.25|'o6,5 

5,3&HI07>5 
5,35jio8,5 

5.401109^5 
5,4581 10,  s 
5,5oji  1 1 
5,55!"2,5 
5,593"3.5 
5,6411x4,4 

5>e9|ii5»« 
5.74|"6,4 

5,79i"7>4 
5,841118.4 

-L'^fiL9!4 

Lat.JDep 


Points 


ei 


TRAVERSE 

i  Points 


n  |_L_at- 


T 


0,90 
t, Si 

2,71 
3.62 
4,52 
1,42 

6,J5 

7,23 
8,14 

9,94 
.0,8 

S4JI2,66 

i6Hi4>46 

yS|t6,27 
I9|'7jiS 

21 


»;9' 
9,89 

23p->79 

2522'6- 
26J23 
7J24,4i 

2S 

9J25,2I 
g0fl7,I2 

^7f2J',02 


3 

3 

34 

35 

3 

27 

38 

39 

40 

4' 
42 

43 

44, 
45 
46 

4S, 
49 
Sc 

I 

51 


'93 
29,83 

3p>7^ 
31,64 

32,54 

33,45 
34, 3i 
35,26 

37,06 

37,97 
38,87 

39,77 

4.0,6s 
,4i,5S 
!  42,49 

+3,39 

44,29 


B 

34, 

55 

s«, 

57| 

601 

D 


5,56     1,46 

■:,99p,35 
6,4i|:;,2-, 
6,84.114,11 

7,*7|I4,99 
7,70|i-,S7 

8,i3|i6,76 

8,^117,64 

8,9s|to,5, 

9,4i|«9,4 
9,8  3|io,il 
o,26|ii,i7 
10,69522,05 
«i,i2li2,93 

xh97iM,69 

I2,4:.|25,5S 

i3,'\5l27,34 
13,68,28,23 
4,11^9,1? 
r4,54P9,99 


Dep 

°,-/7 
°,94| 
1,41 
1,89 
2,36 
3 
3,5°j 
3,77! 
4*H 
4,7^1 

5, 1  § 

5,66|io^29 

6,i3|ij,i5 

6,6c|i2>oi 

7,o7|i2,87 

7,54|Ir,7> 
14,5  s 

?>48|f5,44 
8>95|?b,5o 


Lat 

0^86 

>>7l 

M7 
3,43 
4,29 

V5 

6,co 

6,86 

7,7 
8,-8 


JJcp. 


0,51 
1,03 

*>54 

2,06 

2,57 
3,o8 
3,60 
4,11 
4,63 
_5,H 

5,65 
6,17, 
6,68 
7,20 
7,71 

8,22] 

8,74! 
9,25. 
9,77 


ABLE, 

3  Points 


Lat. 


0,83 
1,66 
2,49 
3,33 
4,16 

4,99 

s,82 

M5 

7,4s 

i>15 

9,?5 

9,9 
xo,8 

1,64 
12,47 

3,3o 
r4,*3 

4,96 
15,80 


4.6,1c 
47,°  1 
1-7,0 ' 
4-8,8, 

^,72 
50,6' 

53 

4-3 


(c,S4Jj'9,73 
1hs4z->59 

I2,25|'2,30 
I2,72|z.3,l6 

"3,2  .114,02 
13,67824,88 

^,1412^73 

H,**  11*6,59 
?5>^9li7,45 

f6, 03119,16 

16,51130,02 

I5,39|3^,76|i6,9S|3o,88 

.     8i]32,64J[7,45|3Ij74 

1°>15m>5z  h7,92|32,6c 
i6,68|34,4"  '8,39833,45 


9i4_;|[7,J_5|ic,28;i6,63 

9,9  of 
1o,37|iS,S7 


& 


0,80117,46 
11,3x118,29 
<  1,82)19,12 

X2,34F9,95 

1 2, 8  5120,7  s 
I3,37f',62 
r3,S8|22,45 
i4>39s23>2S 
J4>9  II24, '  1 
I5,42|24,94 
1 5,94!25,78 
16,45826,61 

l6,96fi7,44 
17,48128,27 


I7^53|?6,i'6  19,33135,17 
1 7, 9  6137,04  19,  a  of;  6,03 
I8.39.l37,92ra,o,2 


Dep 

0,56 
i,u 

1,6- 

2,22 
2,78 

3,33 

3,8y 

4,4 
5,0c 

i'l_6 
6,ij 

6,67 

7 

7,73 
8,33 
8,89. 

9,451 

!0,Oc 
10,56 
II, 12 

:i,67 


Lat. 


0,8 

1,61 

2,41 

3,21 

4,0 

4,8 

5,6 

6,43 

7. 


9, 

10,44 
11,24 
12,05 

2,8  5 

3>65 
14,46 

If,2f- 

16, :6 

i7>6; 

(8,47 

9> 


7,99; 
18,51 

z9,53i 

°5! 


29,10 

9,93 

30,76 

3?,59 

32,42 


53,33  '-5,2 

^4,?4J2<,6  .-i 

Dep  I  Lat 


'  8,8  xh  3,8o 

i'9,14539 
4-9,67|4o,57 
'-o,io|  1.1,45 
20, 13142,3  3 

-o,95J43>i 
21,38144,10 

ir,Si']44,"98 

12, 23J4  ',86 

22;66k6,74 

3,oo|4-7,62 

'-3>52  '8,51 

'-,95|49,39 

24,37350,27 
Sol;  i,  15 
52,03 
52,92 


io,  74*37,74 

'i',2t|3!3,6c 
2i, 68339,46 
32,1 5*40,32 
22,6^4.1^17 
2  3,c9|42,'o 
^3y<7|42'f9 

24,04|43,74 
24, si  44,60 

24,98  1-5,46 


■5>4 


46,32 


Det 


21,92^.7,18 
26,40748,03 
26,87148,89 
2~,  34949,75 
27,Si|jo,6 


_6|33,2_6 
2i,o8|34,cg 
2i,59S34,92 
22>*°e35,75 

22,61836,58 


'-3,13 
23,65 
24,16 
24,68 
25,19 
25,7c 

26,2 


37,4i 
38,24 
39,o8 
39,9i 
40,74 

il'il 
42,4c 


26,73  43,23 
27,25  44,37 
27,76144,90 

27|4',73 
28,79846,56 

29,3cJ47,39 
29,82142,22 


Lat. 


I3°,3  3 
30,85 
Lat. 


i  i-^ujpu- 


,78 

I3,34l 
3,89823, 
4,4^20,88 
15,00321,68 
15,56122,49 
16,12323,29 
16,67814,10 

i7,2:Ji4,9c 
I7,78|i5,7c 
r8,34Ji6,5] 
iS,89|27,3i 
t9,45|2S>11 

lC.OC|2S,91 

20,56129,72 
■r, 12130,52 
21,67131,32 

'-2,7  8|32,9  3 
23,34|<3>73 
'-3>Sm4i  4 
i4,45|35,34 
l5,-o836»r4 
^,56136,95 

z°^-m7,n 

i6,6^|3S,55 
27,23839,36 

27,7_8|4o,Ji6 

S,3J40,96 
8,89S4?,77 

9,45J42?57 
3o,ool43,?7 
3o,56|44,i8 

3i,i2?44,98 
3r,67|45,/8 
32,2346,58 


Dep.  3  Lat.  j  Dep.  \  Lat 
'  ,60ji   0,77;  0,63!  c,74 

*>m  ^55 

J?793  2,32 

2,38l  3,  9 

2,9SJ  3,86 

3,573  4,H 

4,i7|  5,4' 

4,77p  6,18 

5'36|  6,96 

S'^t  mi 
T^sl  8,50 

7,'5|  9^8 
7,74.110,05 
8,33810,82    8,8 8, 
s'93f,,59    9,5 * 
9,52P2,37  Ic,'5 

I0,I2|I3,  .4   IO.78J 

,7i|J3,9i  x,,42 
ii,3i|i4,b9  12,05 
ti,9  1 1  '_$,  46  12,69 

12,  ;i|i6,23;i3,32 
3,u|  7,01 

IV74i7>7^HiS9 


8,J5 
8,89 
8,25    9,63 

""  IO,37 
1 1, 1 


J3,34 
14,0! 


i4,s93'9,33 

16,09110,57 
16,68811,64 
17,28822,42 

I7,s7l:3,i9 


17,04 
17,78 


1 8,468 ,-3,96}I9,67J2 1,97  20,82 
39^c6|24,74:2-,3oji3,7i  2I,49 
I9,66ii;>5Ir°>93'24,45  22,I«> 
o,25|i6,2S  21,57 
20,85127,05.22,21 
1I,45l27,83p2,84 
8,60  23,  +7 
22,64129,3724,1c 
23,2-i3o,i5J24,-4 

4,4i|3I, 6926,01130, 3  b 
25?o2ll2,47J26,64J5i,iz 
~5>62J|33, 2427,28131,86 


28?i6 


Ue 


14,3. 


34,oi 

26,82134,78 

7,41855.56 
28,01336,33 

2S,6r|i7,io 
29,2c  I37,SS 
29,79838,65 


27,91|32,6c 
28,55|33,34 
29,i8|j4,o8 
29,8  1834,8 

3o,45l35,57 
3',  08136,3 1 

31,72137,05 


3°,3S|39,42'32,3  137,79 


3o,93|4 

31,57140,97 

32,i7|4i,74 

32,76442 

33^36;43,29 

33 


.96J44,c 

34>55|44,33 

32,78i47,39  35>'5l45,6l 

i;,33^^^9  3',74}46,38 


49,05 
49,89 
Dep.  iLiitJOcp.i  Lat. 


Dep. 


32,99j3s,53 
33/'2|39,27 
34,26340,01 

34,89840,75 
35,52841,49 
36,ji6|42,2  3 
36,79.42,98 


26,'86j  28,28 

7,53|2S,9u 
i8,2i|29,70 
28,88,30,41 

29,55l|3'," 
31,82 

3°,89f 
3J,57i 


i2,53 
33,23 


37,43 
8.0 


Lat. 
I 


,  f.  m^immfft^mgi 


43,72 
44^46 

Dep 


32,24*33,94 
32,9  ■134,65 

33,5S|3  5,35 

34,2,130,00 

34,92«3^,7 

3:?59|37,47 

36,27838,1!) 

36,94J_ " 
37,6  1(39,60 

38,28|4o,3o 

38.95V>0 

9>63HI»7: 
4_,29;42_J4-  4^' 
Lat.  j  Dep.  |1 

i    O 


Roiats 


TRAVERSE    TABLEj    pi; 


s  Points 


3   Points 


Dep.  |  Lat.  j  Lep.  j  Lai,  1  Dep.j  L»t.  j  Dep.  |  Lat 


26,08^53, 8oj2S,7  ^52,32 
26,51154,68  29,22353,18 
26,94';55,56J29,7o|-.4,o4 
27536^56,44' 3c,i7lS459° 

27,79v5o33'3c*'64Jsc,75 

28,2ajj58,2iUi,i!JJ56,6i 

28,65^59,09  31,^157,47 

29>°7|59.97  32«°5|5sj33 
29,51160,85  32,52^9,19 

^d?  jfliTJ  !33,0l6o>°4 

3c,36f.62,62J33,47|6c,9 

30,7sf3*<;oJ33,94  61,76 

464,38134,41^2^2. 

3i,64'.65,?.6  34/83^3,47 


32,^7^66,14 

3=>5°157>°3 
,92167,91 

33.3S|6S,79 


3  5,3  5)64, 3  3 

:  ,-,8265,19 
36,29:66,05 
36,76166,91 


33,78»6q,67J37,24k7,76'40,6il65i7c 
34,2o|tc,j_5 j^j^i  68,-6_2 >4Jjj3|66j 5a 


34,6  ;|7 1,44 
;,5,o6|72,3 

35»49|73^° 
35*92|73*o8 
3  6, 34274;  96 

36,77$75,85 
37,2c|76,73 

37,63877,61 

38,o6|7S,49 

38,49|79,37 
3'8,92|So,26 

39,35|8l*'4 
39,78382,02 
40,2c  (82^90 
^40,6383,73 
41,06  §4,67 

4Ij49|85,55 
41,9 1^86,43 

9  42,34|87,3] 
43,18 


38.18 
38*6.5 

39>i2 
39*59 

40,07 

4°*54 
41,01 
41,4s 
95 
42,42 


43,61 
4,04 

44,47 
44*9° 


90,84 

91, 72 
,6c 


45,33  93,48 
4'>75  94,37 
46,18  9^,2-- 
16,;  1  96,13 
4-^03  97,_o_> 
47,46  97,89. 
47^919^78 
4-^,3i|99,66 
48,74 

49,i7|ioi,4 
49,60 
50,03^10 
5°j'45ilo4. 
'05 
3i3fo5,S 

-at.  %  Dep. 


31,36^0,7233,89149,00 
3'>87J5^5S  34,45|49,Sc 
32>39  52>38  35>c°ibo,6c 


32,90)53^1 
33>42' 54,04 
33>9  3t~-4-,87 
34,44  <:  5,7 ] 
34,9656,54 
35>4-7  37^37 
3\'99  58,-*o 


36,50  8595=03 

37,°*59,s7 

37,5  3jt  0,7c 
38,c4j6t,5", 
38,5662,38 

39,°7l63,2 

39,5^64,04 

40,10^64,87 

',».-!  a. k 


69,4s  4 ',64 
7o,33i42,i6 
71,1942,67 

43 

43,?oJ 


42,9c] 
43*37 
43,84 
44,31 
44,78  81,49 


5'>»5 


76,34 

77,20 


44,2  i 7i,5c 

44,73 

45>^ 

45*7 

46^27174,83 


5ij3s{93>5° 


'  99,5C 
|ioc,4 


42,21 

42,78" 

43/34 

43 

44,45 


67.135 
,18 
09,01 
69,84 
70,67 


15*66 
6*49 
7*33 
8,16 
9,0c 
9»83 
0,66 
i*49 
3,31 
3»98 
4,8' 
>M 
6,47 
7*3' 
8,14 
8,7.9 
9,g< 

50,04190,63 
11,46 


|92,29 

0. 
J93,96 
58,61^94,79 
59,1219^62 
59,63196,45 
60,  i;|97,2S 
55,62lioi,2|66,66|98,ii 
56,09  jio2,i6i,!,8|9  8,94 
56,57 1102,916 1,69899,78 

Lat.  'jDep.  t  Lat.  |Dcp. 


Lat. 


Lat.  I  Dep. 


35,56§5',<o 
36,111:52,21 
36,67»53,oi 

37>23|53.<81 
37,78154/62 

3 8,34! i 5,4- 
38,39|56,_22 

39.'45157*c3 
40,00857,83 

40,56158,63 


4i;u 


41,67  60,24 


5&44 


61,04 
61,85 

|62,65 
63,4 

6c,o6 
65,86 
6  6,6  7 


45,oo 
45»56 
46,1 
46,6766^,47 

.  _    _  .    CO    .  _ 


68,27 

69,0* 


47,2j 

47,7  a 
72,34  48*34  69,S8 

73*17  48,89170,68 
4,9o  49j45 

5Cj0c|72,25 

50,56 
51,11 
S»/67 

52,22 
52*78 

53*34 
53 


73*°9 
73»9o 
74*  7c 


q6|46,c8j42,3 


^6»34|47,:iSS38*7cl45*2oJ4o,97 

36,93|47,93!39,33'45-,94'^I,64 

37,53p,7° 

38,'3l49>47 

38,72156,25 

39,32j5I,o2 
39,9i|51,79 
40,5*152^56 

4Mi|53,34 

4T,7q54 


4c,6o|47,42 
41,2414*,  1 6 
4T*87|48,9 


42,2oi54 


,88 


42*5 
41,t 

43,7 
44,4i 


49,64 
5o,38 
S**»  3 

5i,87 


47,89 

43*49 
44,08 
44,68 

45*27 
15»Sf 
46,47 


55»'66 

56,43 

57*2o 
57*98 
58,75 
59*52 
60,29 


47,o6|ui,c7- 


4S67; 
46,31 
46,9- 

47,58| 
48,21! 


,98 

43,65 
44*33 
44,99 
45,67 


47,oi 


307 

4  Points   .    g 


Lat. 


43,13 
43*S4 
44,55 
4;,2  5 
45,'96 
46,67' 

47>38 

43,-o8 


46,34,48*79 


4»*  3  5 
49,02 


47,'68(5°,'2o 


50,91 
5^*62 


49,7052,33 

50,37  5'*c3 
5',o4«53,74 

5**7  *;54,« 5 


52,38J55;7.5  55»ii 


,36 


Dep. 


43 

43,S4 
44,5! 
45,2 

45,96fi  65 
46,6- a  6b 

4-7,3?|  67 
48,0?    68 


48,79 
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52,42168,02 
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5*8£ 


:  58,69 


52,61 

53*35 
54,09 
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56*3> 
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5^,29|62,a4|':;6;.4.i':  59 
53*92Fs"»9-8}iff»t8p 

5  4i  5  5§"  ?!  j  7 " '  f  '7  ?  7  6  6"-->S  v5o,!i , 

55*8i|65.,2c| --QiT  o,;  fap-zwi,™ 

57,09|^^I6jh^6?;^.£1'6_|  22 

57,731*7*4*^ "I*II|,4?'  -^4,3 5'    91 

5*,36J68,»7[6!,7?[6s,orj65,os|  9^ 

,  59j-oc|68,03j6?j4.6  65^6 J 6 5,7 6j 

75»5cl56,oc|7z,6^50','6459^6.l»63,i;,r 6,47  66,47 

76,30  56,59|73i44Po,J''.6|7<:'*39]63,8:|67,i  I67,i; 

57*i«|74*2,po,9ci-s,'f?J64.,47|('-7,goS67,S? 

I57,7%4*95jSs*53FI»s7  65*i^(!,':is,,9 
58,3S|75*7^*i7|7V5  [6--,8  |6jf,3fj«»9i  < 
58,9'8|76,5-.:l^,S(.|73*'35;6*-»,49rr-'-o  }70,c<(  „ 


69 


7i 
7% 

73 
74 
75 

7  s 

7l 
?S 

79 
8q 

8i 

8a 

i: 

q  - 

87 


935 
9.4 

95 
9« 

37 
98 
99 
■00 


61,67189,16 
62,22" 
62,78J9o,76 
63*34|9'f*-57 
63,S9|9l*3'7 
64,45|93,'7 
64,99193,97 
65,56894,78 
66,1 1895,58 
£6.j6J|9£,_39 
Lat.  BDep. 


8i,93|5o,7t|78,85  £4*7 j|75*5s|68* "< \  *,] 


63,i5ps,9<  67,24178,5^;; 71,. f 0574,1  ;|74*95. 
63*74P.*,7i67,88{79»2'-!7^Sf{75/-C  75>6%°Z 

76*37!JoS 
7,o7|io9 


64, 34183*48  68,5  iKo,o 
"64*  9  3P  4*  2. 61 69, 1 5|Sp,  7 1 
65*53j35*°3c?>78]!:,50 


85,8070,4 
86,58  71,0 


o 


'a,i:g'0* 


104 

X05 
toS 


882,90 


71,68^3,73 
72^32^4,47 

72,95ls  S0J 
73,581s  5*95 
74,22'86/69 

74,8  #7,43 

75»49P»J7 
76,i-|88^9_i 

Lat. J  Dep. 


72,5^ 


7»* 


74,547S*49 


75,2^79,2r 

75,s9f79,9- 
76,56|8o,6i 
77,-2381,32 

77,9c| 
78,58,82,73 

79*25 

l4,f4 
14,85 


7.9,92| 
8a,59 


Lat- 


78.49K1" 

70,2C|'II2 

79*9c|II3 
80,6  il"4 

8r,3,|ll| 

82,c2|-<-«6 

83*44|83,44|r1,5 
84, 14(1  tf- 

84,8j|i*^ 
LatTl    y 


Dep. 


joints 


3o8 

TRAVERSE    TABLE*    fit: 

M 

0  Degrees                   \ 

1  Degree 

15  Min.    {    -50  Mia. 

45  Min.        | 

0  Min. 

1-5  Min.    \    30  Min.    (    45  Min. 

5J 

Lat. 

Dep.  1  Lat. 

Dep. 

Lat. 

Dep. 

Lat. 

L>ep. 

Lat.  |  Dep.  |  Lat, 

Dep 

Lat.  jDep. 

" 

1,00 

o,ooj  1,00 

0,01     1,00 

0,01 

1,00 

0,02 

i,ool  OjCzl  1,00 

0,03 

1,00 

0,03 

a 

2,00 

0,01 

2,00 

0,02 

2,00]  0,03 

2,00 

0,04 

2,001  0,04!  2,00 

0,05 

2,00 

0,06 

3 

3,00 

6,01 

3*°° 

0,03 

3,00!  0,04 

3»°o 

0,05 

3,00    0,07 

3,°° 

0,08 

3,00 

0,09 

4 

4,00 

0,02 

4,00 

0,03 

4,ooj  0,05 

4,00 

0,07 

4,00 

0,09 

4,co 

0,10 

4,00 

0,12 

5 

5,00 

0,02 

5,00 

0,04 

5,00    0,07 

5,oo 

0,09 

5,00 

0,11 1 

5,00 

0,138  5,00 

0,1  C 

6 

6,00 

0,03 

6,00 

0,05 
0,06 
0,07 

6,co 

0,08 

6,00 

0,11 
C,I2 

6,00 

°**3 

6,00 

0,1 6|  6,00 

0,18 

7 

7,00 

0,03 

7,00 

7,00 

0,09 

7,00 

7,co 

°**5l 

7,0c 

0,181  7,00 

0,21 

2 

8,00 

0,04 

8,00 

8,00 

0,10 

8,co 

0,14 

8,00 

c,i8 

8,6c 

6,2I|    8,OOj  0,2( 

9 

9,00 

0,04 

9,00 

0,08 

9,00 

0,12 

9,00 

0,l6 

9,00 

0,20 

9,00 

0,24 

9,O0J  0,28 

SO 

10,00 

^04 

10,00 

-£i°_9 

10,00 

0,13 

10,00 

0,18 

10,00 

0,22 

10,00 

0,26 

io,co    0,31 

ii 

11,00 

0,05 

11,00 

0,10 

11,00 

0,14 

11,00 

0,19 

11,00 

0,24 

ir,oo 

0,28 

11,00 

°*34i 

12 

12,00 

0,05 

12,00 

0,10 

12,00 

0,16 

12,00 

0,21 

I2,0o 

0,26 

12,00 

0,31 

11,99 

°>37t 

'3 

13,00 

0,06 

13,00 

o,n 

13,00 

0,17 

13,00 

0,23 

13,00 

0,28 

13,00 

0,14 

12,99 

0,4c 

*4 

14,00 

0,06 

14,00 

0,12 

14,00 

0,18 

14,00 

0,25 

14,00 

0,31 

14,00 

°>37 

I3*99 

0,43 

*5 

13,00 

0,07 

15,00 

o,i3 

15,00 

0,20 

15,00 

0,26 

I5,00 

o*33 

15,00 

°*39 

H,99 

0,46 

16 

16,00 

0,07 

16,00 

0,14 

16,00 

0,2 1 

16,00 

0,28 

l6,00 

c*35 

16,00 

0,42 

*5,99 

°*4S 

17 

17,00 

0,07 

17,00 

0,15 

17,00 

0,22 

17,00 

0,3c  17,00 

o*37 

17,00 

°*45| 
°>47 

16,99 

0,52 

38 

18,00 

0,08 

18,00 

0,16 

18,00 

0,24 

18,00 

0,32  18,00 

o*39 

*7*99 

17,99 

°*5f 

>9 

19,00 

0,08 

19,00 

0,17 

19,00 

0,25 

19,00 

°*33 

19,00 

0,42 

18,99 

0,5c 

18,99 

0,5? 

SO 

20,00 

309 
0,09 

20,00 
21,00 

0,17 

20,00 

0,26 

20,00 
21,00 

°*35 

0,37' 

20,00 

21,00 

0,44 
0,46 

*9*99 
20,99 

0,52 
°*55 

19*99 
20,99 

o,6i 
0,64 

*i 

a  1,00 

0,18 

21,00 

0,28 

sz 

2,2,00 

0,10 

22,00 

0,19 

22,00 

0,29 

52,00 

0,38 

22,00 

0,48 

21,99 

0,58 

21,99 

0,67 

*3 

23,00 

0,10 

23,00 

0,20 

23,00 

0,30 

Z^ydO 

0,40 

23,00 

0,50 

22,99 

0,60 

22,99 

0,7c 

S4 

14,00 

0,10 

24,00 

0,21 

24,00 

0,31 

24,00 

0,42 

24,0O 

0,52 

23,99 

0,63 

23»99 

°,73 

as 

15,00 

0,11 

25,00 

0,22 

25,00 

°*33 

25,06 

0,44 

24,99 

°*55 

24,99 

°>h 

24,99 

o,7( 

»6 

26,00 

0,1  J 

26,00 

0,23 

26,00 

°*34 

26,00 
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25,99 

°*57 
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0,68 
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o,75 

*7 

27,00 

0,12 

27,00 

0,24 

27,00 

°*35 

27,00 

0,47 

26,99 

°*59 

26,99 

0,71 

26,99 
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»8 

28,00 

0,12 

28,00 

0,24 

28,00 

°>37 

28,00 

0,49 

27,99   056i|*7,99 
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o,S( 

*9 

29,00 

0,13 

29,00 

0,25 

29,00 

0,38 

29,00 

0,51 

28,99 

0,63128,99 

0,76 

28,99 

o,8< 

3° 

30,00 
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30,00 

0,26 
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°,39 

_3°*°0 

0,52 
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0,65 

2±99 

_£*79 

29,99 

0,91 

S1 

31,00 

0,14 

31,00 

0,27 

31,00 

0,41 

31,00 

o,54 

3°*99 

o,6S 
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0,81 
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CM 

3* 

32,00 

0,14 

32,00 

0,28 

32,00 

0,42 

32,00 

0,56 

3**99 

0,7c 
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0,84 

31*99 

0,9! 

33 

33,00 

0,14 

33*°o 

0,29 

33>oo 

°*43 

33*°° 

°*58|32,99 

0,72 

32,99 

0,86 

32,99 

1,0: 

34 

34*°o 

0,15 

34»oo 

0,30 

34,00 

0,44 

33*99 

°*59 

13,99 

°»74 

33,99 

0,89 

33*99 

1,0* 

35 

35,00 

0,15 

35,00 
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35*°° 

0,46 

34,99 

0,61 

34,99 
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0,92 
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36 

36,00 

0,16 
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35,99 
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°>79 

35*99 
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37 

37,00 
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0,48 

36,99 
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°*97 
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38 

38,00 
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0,50 

37,99 
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37,99 
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37,99 
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1,11 

39 

39,00 

0,17 
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0,51 
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40,99 
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_i,_o_5 
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4i*99 

1,10 
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43 
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43,00 

0,56 

42,99 

°,75 

42,99 

0,94 

42,99 

*i*l 

42,98 

1,3 

44 

44,00 

0,19 
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46,0c 

0,4c 

46,00 

0,60 

45,99 

0,8c 

^45*99 

1,00 

45*99 

I,2C 

45,98 

1,41 

47 

4.7,00 

0,21 

47,0c 

0,4  j 

47,00 

0,61 

46,99 

0,82 

146,99 

1,03 

46,99 

1,23546,98 

i,4 

48 

4.8,00 

0,21 

48,0c 

0,42 

48,00 

0,63 

47,99 

0,84 
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48,98 
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53 
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53,0c 

0,46852,99 
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1,6 
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54 
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sl 
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I9 
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60 
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Dep. 


0,27  6i,o~ 
0,27  6zjOO 
0,28  63,00 


0,28 


7  76»-o 

7  "l,o 

7  78,00 
7.79,00 

£  So,  oo 

8  S~7»oc 
8  8;,oc 
8  S>oc 
8  3  4,00 
8  $5,00 
8  S6,o 
8  S-,00 
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8  89,00 

9  90,00 

9192,00 
9:93,00 
9.94,00 

9^,0 
9' '96,0c 

9  :97.°° 
9: 98,00 

9.599,00 
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W.IOI 
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66,00 
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0,0c 


Dep.  J  Lat. 
0,53560,99 


o,5* 


0,6c  68,99 
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85,00 
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o,38l38,oo 
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1,00 


0,401 


92,00 
93,00 
94,00 
95,00 
96,00 
97,00 
98,00 


o,43 
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9,00 
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0,85 
0,86 
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o.S 


69,99 
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71,99 
2,99 
73,99 
74,99 
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76,99 
77,99 
78,99 
79,99 


Dep. 
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0,88 
0,89 
0,90 
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0,99 
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81,99 
3a,99 
83,99 
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86,99 
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89,99 
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o,84|95,99 
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no 


o,97 
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1  Degree 


Min. 


15  Min. 
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62,99 

63,99 
64,99 
6^,99 
66,99 

67,99 
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15  Min. 
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72,99 
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76,99 
77,99 
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,79,99 
80,99 
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82,99 
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84,99 
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86,99 

87,99 
88,99 
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93,99 
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Dep. 

1, c6  60,98 
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1,12  63,98 
i,1 3  64,98 
1,151(65,98 
66,98 
67,98 
68,98 
69,98 


1,24170,98 
1,26 


30  Min. 


Lat. 


Dep. 
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71,98 
72,98 
73,98 
',64|74,98 
75,97 
76,97 
77,97 
78,97 
9*9 
80,97 

..  8,,97 
1,81  82,97 
1,83- 


83,97 
.  S4,97 
1,88(85,97 
i,9c|86,97 

i,92|s7,97 
',9488»97 
*,9y9,97 
',99|9°,97 
2,01891,97 
2,03(92,97 
a,o5|93,97 
*,©7|94,97 
*,09J95,97 
2,12*96,97 

2,i4|97,97 
2,16198,97 

2>l8s99,97 


i,76hoi, 

1,782102,0 

1,805103,0 

1,828104,0 

i,83|'°5,o 

i,85|lo6,o 

',87fI07,° 
1,8911108,0 
1,90109,0 

I,0  2«MO,O 

_!i|| 

1,94111,0 
1,96^112,0 

i,97|1I3,o 

1,991114,0 

2,Cl]l 

2,035H6,0 

2,o4pi7,o 
2,063118,0 
2,o8|ii9, 

2,09jjI20,0 


2,201101,0 

2,23|I02,0 

2,25*103,0 
2,274104,0 
2,29*105,0 

2,3i|'o6,o 

2,33-107,0 

2,363108,0 
2,38ji09,o 
2,40Jl  10,0 


2,42Nni,o 

2,44|lI2,0 

2,478113,0 

2,49*1  14,0 
2,5i|ii5,o 
2,^31116,0 

2,558'  '7,o 
2,57|n8,c 
2,6c!n9,o 
2,6 1I1 10,  c 


i,6c[6o,97 
i,62?6i,97 
1,65862,97 

',67i63,97 
1,70164,97 

',73|65,97 
',75p6,97 

1, 78|67,9  7 
i,8i|68,97 

1,86  70,97 
1,88  71,97 
',9'72,97 
',94373,97 
1,96,74,97 
',99  75,97 
2,02  76,97 

2,04]  77,96 

2,07|78,9 

2,_o_9.79>9_6 

2,12180,96 
2,15181,96 
2,17182,96 
2,20i83,96' 

2,2384,96 
2,2585,96 
2,28186,96 
2,3op7,96 
2,33|88,96 
I'^&l^  JL'ZI 
2,38j9o,9S  2,78 
2,4i*9 ',96|  2,81 


Dep. 


_g,44  _8o 


2,43i92,96 
2,46.93,96 
2,49,94,96 
2,5'i95,96 
2,54396,96 
2,57.]97,96 
2,59j98,95 
2,_6i'99,95 
2,641101,0 
2, 678102,0 
2,7o|i03,o 


2,84 
*,87 


2,72 
2,75 
2,78. 
2,80 


104,0 
105,0 
106,0 
107,0 
108,0 
109,0 
110,0 


2,9 1| 

2,93l 
2,96, 


3,09'  118,0 
3,12!  119,0 

-,I4|t20,0 


3,54j  u6 
117 
118 


3,57 
3,6cj 
3,63     11^ 
3,<'-     120 


89  Degrees 


Dep.     La~jj"DepI    LaZ |  Dep.1  Lat.  j  pep.    Lat 
~o~Min7"i|    45  Min.    j    30  Min.    8     15  Min. 

I  So*  Degrees 


RAVERSE    TABLE, 


K 

C 
s 

I 

2 

3 
4 
* 

3 

S 


2  Degrees 


3  Degrees 


o  Min. 


Lat. 
i,oc 

2,0 

3*°o 
4,00 

5*°o 
6,oo 
7,00 

7,99 
§,99 

9*99 


31 

32 
*3 

»J| 

*5 

36 

X 

3 

*$ 

2C 

ai 

2: 
s3 
&4 

a5 
2c 
%i 
sS 
So 

2 

31 

3~ 
3': 

3< 

.1 

3* 

3/ 

3 

39 


10*99 
11,99 
12,99 
J3*99 
H*99 
J5*99 
16,99 

i7>99 
18,9$ 
19,99 


'*99 

21,99 

22,99 

3*99 

24*9? 

27,9? 
28,98 
29,98 

3b,7s 

,4*98 
33>9?, 

34*-9s 
!5*08 
3»*58 

■7*98 

3S,9S 

39*9^ 


Dep. 

0,04 
0,07 
0,11 
0,14 
0,18 
0,21 
0,24 
0,28 
c>3* 
°*35 


15  Min. 


Lat. 

1,0c 
2,0© 

4,00 


5,00    0,20 


6^00 

7,0c 

7*99 
8,99 

9*99 


0,38  10,99 
fi,99 
12,99 

*3*99 
14,99 

*5>99 
16,99 

J7>99 
18,99 
19,99 


0,42 

°*45 
0,49 

0,56 

°*59 
0,63 

0,66 

0,7c 


4140, 
42  41,97 


43 
44 
45 
46 
47 


*2*97 

A3, 97 

|44>97 

97 

07 


45; 


4447,97 
4?|43,97 
5c|4-9»97 


°>73i20*99 

o,77?2i,9S 

0,80122,98 

0,84123,93 

*>»87p4>98 

°j9i125> 

0,94^26,98 

0,98*27,98 

i,oi|28,9S 

i,oS|3o,98 
i,i2|3i,o8 
I,i5|32,  " 

I*19S33*97 
i,22|34,97 

1>26|35*97 
1j29|36»97 
*»33J37*9? 
J,3%8,97 
i,4-|3q?97 

m4*°»97 

i,47|4i,97 
1,50842,97 

i*57|44*97 
i,6i4t5,97 
1,64146,97 
*j68|47>96 
I,7I|48,96 
*>2jM9>96 


45  Mm. 


5I|50»97f  *>"mS°>96 
1,82151,96 
1,8552,96 

T,89 53*96 
1,92154,96 

i,95g55>96 
*,99l56*<>6 

2*«2fl57*9?, 

z,c6||5S,96j 


5a|5i»97 

53152,97 
54|53,97 
55154,97 
5155.97 
5?j56,97 
5157,97 


59158,96 

60  ^,^6 

Dtp. 


0,7  5-j  18,98 

o,3  jj  20,98 
0,862,1,98 
0,90  22,98 
0,94  23*98 
o>98  24,98 

I402«25, 

1,06126,97 
i,icJ27,97 
1,14328,97 

i,22|3o,97 
1,26131,97 
i*3«|32*97 
*.34|33>97 
1*37134,97 
1*41135*97 
**45B6,97 
1,49l37*96 
»*53|38*96. 
Jt,57|39,96 

1, 61340,96 

I*65|4I*9° 
1,69142,96 

I*73|4-3*'96 
i*77|H>96 
i,Si|45,96 

1,85146,96 
i,8S|47*95 
r,93S48,95 
i,9^|49,_9_5 
2,00850,95 

2,°4$5T,95 
2,08852,95 

2»i2|53>95 

2,1 61 54, 9 5 
2,20155,95 
2,24156,95 
2,28|57,9> 
32558'94 


74|i6,9S 

791*7; 

0,83^8,98 
c,8i|i9,9_S 

c,9ap°,9's 
c,96|2i,98 
1^0^2,97 
X»05L*3*^7 
i»c9b4*97 
1. 13![25,97 
1,18^6,97 
1,22^27,97 
i,27p8*97 
2*3.Ip9»97 

I,35l3°*-97 
1,40131,96 
1,44132,96 
I,48|33,96 
J*53[34,96 

1*  5  713  5*9  6 

1,6436.96 

I,66137,96 
1,70138,96 

I,75|39!9_5 

i,79&c,95 

i,-S  8142,9  5 

t*9»?43*95 

J,96j44,95 

2,01*4  ,-,9  5 

2,0  5146,9  5 

2*°9M-7,95 
2,14*48,94 

_2jiSJ4i»94 

2,23J5°,94 
2,27}5'',94 
2,3452594 
2,36|53^4 
2,40854,94. 

a»44355»94 

2,49i5C,93 


2»  57I5»»93 
Lift  I  Dep. 


>4-yJ5°>93    2.'74j^, 
#$57*93    2*7"%?*' 


c>,i6 


_o,4^|9/99 

0,5310,99 
0,58  11, 
0,62  12, 
0,67  13,98 
0,72  14,98 

o,77  J5,98 
0,82  16,98 
0,86  17,08 
0,91  18,98 
0,96  19,97 

1,01-  20y97 
1,06  21,9 
I,ic  22,97 

1*  1 5f  3*9  7 

I,-2CJ24,57 

i*25|25,97 
i,3cfe6,g6 
1,34827,96 
1,39  18,96 
1,44  29,96 

i,49  30»96 
1,54!  3^96 
1,5832,96 

1,63  33>96 
i,6J  34,95 

i,73J35,'9'5 
i,78]36,95 
»»?a|37*9'5 
I,87l3s*'95 
_r,92|3_9_,9_5 

i,97|4°*94 
2,02841,94 
»,o6|42;,94 

2,n|43,94 
2-,r6|44,94 
2,21145,94 
£•,26846,94 

2,3o|l-7,94 
2,35J48,93 
£,45|4_9_,93 
2,45150,93 
2,5CB5',93 
2>54?52,'5  3 
2,59753,93 
2,64554,9-2 

2,69155,92!  2,93 
2,74|<;6,921  2,98 


•°*97 
21,97 

12,96 

23,96 

1,31 12^6 


1,52128,95 


c,34    5,99 
6,4c    6,99 


9,98 


L'ep.  I  i-at 

o,o61  1,0 
0, 1 2|    2,00 
o,iS 


10,9*5 
o,6S|n,98 
12,98 
r3,97 
'4,97 
15,97 
1 6,9  7 

!7,97 

18,96 

19,96 
i,i9JJ2o,i 
1,25  21,96 
1,3d  22,96 
1,36  33,96 
i,42|24,95  T 
5*95 

26,95 

27,95 
28,95 

]9>n 

3°,94 

3'?94 

3**94 

1,93833*94    2,o8i 


2,2oj4i,93 
2,2  s 


Lnt,  I  Dep.  I  Lat.  |  Dep. 
j     o  Min.     J)    d^lin.    §     30  Min 


I ,  ,.iS„,Min. ,.}' 


2,83j5S,92: 
2;88J59,92 

Laf.  |  Dep. 
i't 


2,Ib 

2,-21 


34,94 
35,93 
36,93 

,7,93 
38,93 


2,'33|40,,92 
fc>3»p^ 

2^44p  ~~ 
2,5C|43*92 
2,-55|44,92 
2,6i|45,9J 
2,67|k6,9 1 
2,7  2' 47,9  x 
,,7S|  4S,9i 
49,9 ! 


2,-S9j5o,9o|  3, 1  n50, 
51,90 


o,86|f3,97 
0,92  r4,9-7  < 
0,98  '5,97 
i,c4ji6>96 
1,«ojI7,96 
j,i6|  18/96 
1,22]  19,96 
7,1s  2c,"96 
i,34|2I,95 
],4c22,-95 
i,47  23,95 


-4,95 
-5,94 
26,94 

,7I;27,94 

']  28,94 
29^4 

3°,93 
3i,93 
32,-93 

33,93 
34,92 
35,92 
36,9a 

37,9* 

38,-92 
^9,9? 


2,20 
2,2  6| 
2^32 
&y3tS! 

2>5<M°>9T 

2,6342^9' 
2,69343,91 

^7  5|44,9° 
2,Sl|45,9° 
2,8746,90 
2,93  47, 
2 ,9  9*48, 9^0 

3*°5J«-9i 


52,90 
53,90 
54*9° 
55,^0 
56,80 


3/24)541 

3,3°J53,: 
3,36  j.'4*; 
3,42l55*5 
3,48  56,88 

-  3*54  57>|* 
S'S.-Sg1  3,60-58,87 
5^*^9_3*66  59,_87 
Dep.  I  I. at.  Dep_ 
30  to.  1  ij  M 
So  DcareeS 


TRAVERSE 

2  Degrees 


Dep 

2, 1 3J!6o,95 

2,!6j|6i,95 

2,2C  '62,95 

2,23[53.95 
2,2-664,95 

2.3oj65>95 
2,34166,95 

a.37i67,95 
2,4    68,95 

&4469l95 


,4870,95 

or  7J.95 


2^55 


2,5s  73.94 


2,6! 

2,69 

2.73 
2,76 

2,79 


72,94 


74^94 
75.94 
76,94 
77.94 
78,94 
79.94 


.  94 
2,86*3 1,94 
2,90882,94 
2.93|83.94 
2,97|s4.94 
3,0  §85,93 


3.°4 
3»°7 


36,93 
87.93 


3,11  88,93 

3.r4S9.93 


Dep  J;  Lat 
a,4oL6o,94 
2>43|6l>94 
3,47|62>94 
2,5]j63.94 
2,*5|64,94 
2.59P5.94 
66,94 
2}D7|(67,94 


2,71 


68,94 
69.93 


3.°V7.93 


3,26^2,92 
3,30183,92 
3,34184,92 
3,38185,92 
3,42^6,92 

3.46I87.9- 
3,49188,92 
3,53^9,92 


Dep.  j>  Lat 

2,661560,93 
2,7016  1,93 
2.75f2.93 
2.79|63»93 
2,8464,93 
2,88165,92 
2,92166,92 

2>97|67.92 
3,oi|68,92 

3,10170,92 
3,T4|7ii92 
3,i8|72,92 
3.23|73»92 
3.27i74,92 
3.3y5.9x 
3.36|76,9' 
3.4°j,77,9i 
3.45|78,91 
_3.49|79._9_i 

3.53|8o.9J 
3,588'.9« 
3,6^81,91 
3,66183,91 

3.7  ^^O 

3,79186,90 

3.84|s7,90 
3,SS|88,9o 

3.93P9.90 


3,18  90,93 

3.2i|9i,93 
3.2*2.93 
3.28193,93 
3.32894.93 
3.35895.93 
3.39896,93 
3.42S97.93 
3,46398,92 

j?49899.92 
3,533100,9 
3,568101,9 
3,60  102,9 
3,63  103,9 
3,67j  104,9 

3.70,  '05,9 
3,73!  106,9 


3.57i9°.9i 


3.6 ij 
3.65j 
3.69i 
3.73i 
3.77 


9i 
9i 
93.91 
94.91 
9  5.91 
96,91 


3.85|97.9 


3.77 


107,9 


3,So1io8,9 
3,875110,9 


3.89 

I'l: 
3.97 
4,01 
4,04 
4,08 
4,12 
4,16 
4,20 

4: 


98,91 

99.9J 
100,9 
101,9 
103,9 
103,9 
io4/9 


J05,9 
106,9 

107,9 


3.97190.9° 
4,oi|9i,e»o 
4,05^2,89 
4,io|33,89 
4.I4|94,89 
4,iq|9  5,89 
4,23896,89 
4,2S|.)7,89 
4.32|98,89 

4,411100,9 
4>45lIOI.9 
4,49|I02,9 
4.54|ro3.9 
4>58|'o4,9 
4,621105,9 
4,67jjp6,9 


4,281108,9 
4,32Jio9,9 


4,36hio,9 

4.4of" 

4,44'jii 


4.7i 

4,7 

j.^80 

4,84 
4,89 


4,48|i'i3,9 
4,5i|ji4,9 

4.55|I]t5.9 
4.59jn6,9 

4.63|"7,9 
4,67|n8,9 
4,7  t|i  19,9 
Lat.  jj  Dep. 


4,93  II2,9 


4.97 
5.02 
5,06 
5,10 
5**5 
5.19 
_5.2_3 
Lat. 


Min. 


?07,9 
108,9 
ioQy9 
110,9 
111,9 


"3.9 
114,9 

11 5.9 
116,9 

7 

Il8,Q 

il?i9 

Dep 


4,^51100,9 
4,898'  01,9 
4,94|io2,9 

4,99lI03.9 

5,o4|i04,9 

5,o9|ios,9 
5,i3|io6,9 
5,183107,9 
5,231108,9 

C,28JI09,Q 

5>33)110.8 
5.37,1".8 
5,42|ii2,8 

5>47ji13j8 

5,52^1 14,8 

5.57JII5.8 
5,62;ii6,8 
5,66.117,8 
5,7i1u8,8 
5^6  U9." 
Lat.  !i  Dep 


5.29fl 
5,341101,8 

5.39 

5.44 
5.5 


5,5690,81 
5,6291,80 
5,6892,80 

5.74(9  3.go 
5,80:94,80 
5,86^,79 
5,92^96,79 
S9?97.79 
6,04|98,79 

5,67199^  Jv^'i^il? 

5 


102,8 
103,8 
104,8 

5.5  Si  J°  5.' 
5,601106,8 
5,65]io7,S 
5,7i|icS,S 
5,761109,8 

5,Si|iTo,8  6,2c 
5,S6|ui,8 
5,92|ii2,8 

5,971113,8  6,48 

6,021114,8  6,52! 

6,07111 :, 8  6,581 

6,i2|u6,8  V 

6,181117,8  6, 

6,23jii8,S  6, 

6,283110,8  6, 

Lat  8  Uep, 


Lat. 


6, 17,' 1 00, 8 
6,231101,8 
6,29  102,8 
6,35)103,8 
6,41  io4,S 
6,47|io;,8 
6,53|ic6,8 
6,<;9]io7,S 
6,66]io8,8 
6,72;! 09,8 
j 0,8  6, 78^1 10,8 
11,8  6,84111,8 
12,8  6,90112,8 
13,8  6,96[ii3,8 
14,8  7,02*114,8 
',08^15,8 
,i4;u6,8 
',20:1/7,7 
,27jii8,7 
.3  4ti.9_l7 
ep 


Lar 


15   Min. 


8f  Degree^ 


in.     \   45  Mia.   i    30  Min. 

^i~~        ~~J$  Degrees 


5>95 
6,0 

6,08 
6,15 

6,2 
6,28 

6.34 
6,41 
6,48 

6,61 
6,67 

6,74| 

6,8c 

6,87 

6>93 

7,00 
7,06 

7>i3 

7,i9 

7,26 

7>33 

7>39 

7.46 

7>52 

7>59 

7»658 

7;72| 

7.78f 

1115!-' 
Lat, 

~" ~ 

5 
! 


iVJin. 


312 

T 

RAVERSE 

TABLE, 

7.I2; 

B 

O   1VJ 

4  Degrees                            f                            ?  Degrees 

I 

in.    I   15"  Min.    |     30  Min. 

45  Min.    |     0  Min. 

15  Min. 

30  Min. 

45  M 

Lat. 

Dep.  J  Lat. 

°ezj 

Lat. 

Pepj. 

Lat.  jDep.  |  Lat. 

Dep. 

Lat. 

Dep. 

Lat. 

Dep. 

Lat.    I 

I 

1,00 

0,07!  1,00 

— 1 

°,°7| 

°»T5' 

1,00 

0,07 

I,O0 

o,o8§  1,0c 

0,09 

I,CO 

0,09 

1,00 

0,10 

1,00 

2 

2,00 

0,14 

2,OC 

1,99 

0,16 

*>99 

o,1?!  J>99 

c,i7|   '.99 

0,18 

1,99 

0,19 

i,.99 

J 

2,99 

0,21 

2,99 

0,22 

2,99 

0,24 

2,99 

°>zs\  2>99 

0,262  2,99 

C,2g 

2,99 

0,29 

2*99 

4 

3,99 

0,28 

3,99 

0,3c 

3,99 

0,31 

3,99 

o,33i  3,99 

o,35|  3,98 

0,37 

3,98 

0,38 

3,98 

c 

4,99 

o,35 

4,99 

°,37i 

4,99 

o,39 

4,98 

0,41!  4,98 

o,44J  4'98 

0,46 

4,98 

0,48 

4,98 

6 

5>99 

0,47. 

5,98 

o,45 

5,98 

o,47 

5,98 

o,49|  5,98 

0,52 

5,98 

0,55 

5,97 

0,58 

5,97 

7 

6,98 

o;49 

6,98 

0,52 

6,98 

o,55 

6.98 

0,581  6,97 

0,61 

6,97 

0,64 

6,97 

0,67 

6,97 

S 

7,9* 

0,56 

7.9S 

o,59l 

7,98 

0,63 

7.97 

0,66 

7,97 

0,7c 

7,97 

0,73 

7,96 

0,78 

7,96 

9 

8,98 

0,63 

8,98 

0,67 

8,97 

0,71 

8,97 

o,75 

8,97 

0,78 

3,96 

0,82 

8,96 

0,86 

8,96 

IO 

9>98 

10,97 

o,77 

9,97 
10,97 

o=74 
0,82 

9,97 
1097 

o,79 

9,97 

0,83 
0,91 
0,99 

9,96 
10,96 

0,8  7 
0,96 

9,96 
10,95 

0,92 
1,01 

9,95 
io,95 

0,96 
1,05 

9,95 

IO,95  , 

ii 

o,S6 

10,96 

32 

n,97 

0,84 

",97 

0,89 

11,96 

c,94 

11,96 

",95 

1,05 

",95 

1,10 

",95 

*>*S 

ii,94  ! 

?.3 

12,97 

0,91 

12,97 

0,961 

12,96 

1,02 

12,96 

1,08 

i*,95 

*>*3 

12,95 

1,19 

12,94 

1,25 

12,94  ' 

*4 

13:97 

0,98 

J3,96 

1,04 

13,96 

.1,10 

r3,95 

1,16 

13,95 

1,22 

!3,94 

I,2'8 

'3,94 

',34 

x3,93 

15 

14,96 

1,05 

14,96 

1, 11 

'4,95 

i,f8 

J4,95 

1,24  14,94 

i,3' 

H,94 

J,37 

14,93 

1,44 

'4,93 

lb 

15, 96 

1,12 

15,96 

1,19 

i5'95 

1,26 
i,33 

r5,95 

i,33 

'5,94 

1,40 

r5,93 

1,46 

J5,93 

',53 

15,92 

17 

16,96 

1,19 

16,95 

1,26 

16,95 

16,94 

],4i|i6,94 

1,48 

16,93 

',56 

16,92 

1,63 

16,92 

iS 

17,96 

1,26 

17,95 

i,33 

1,4c 

i7'94 

1,41 

J7,94 

i,49|i7,93 

1,5"? 

17,92 

1,65 

17,92 

i,73 

17J91 

39 

18,95 

1,33 

18,95 

18,94 

i,49 

'8,93 

T,57P8,93 

i,66 

18,92 

i,74 

18,91 

1,82 

18,91 

Sc 

19,95 

I,4C 

19,95 

1,48 

_T9>9_4 

',57 

»9>9J 

1,66^9,92 

i,74 

12'!} 

-I'll 

T9,9i 

Tj9* 

il'3?- 

Tl 

20,95 

i,47 

20,94 

i,T6 

ac,94 

1,65 

20,93 

1,74120,92 

1,85 

20,91 

1,92 

20,9c 

2,01 

20,89 

22 

2i,95 

i,54 

2i,94 

1,63 

2i,93 

i,73 

2I,93 

1,828,1^92 

1,92 

21,91 

2,01 

2I,9C 

2,11 

21,89 

23 

22,94 

i,6oj22,94 

1,70 

22,93 

i,8o 

22,92 

1,90 

22,91 

2,OC 

22,90 

2,17 

22,89 

2,21 

22,88 

24 

*3,94 

i>67|23>93 

1,78 

23,93 

1,88 
i,96 

23,92 

3,99 

23,9! 

2,09 

23,9c 

2,20 

23,89 

2,30|23,88 

2  5 

M,94 

i,7424.93 

1,8^24,92 
1,93  25,92 

24,91 

2,07 

24,91 

2,18 

24,90 

2,29 

24,89 

3,4oJ24,37 

26 

25,94 

1,81 

25,93 

2,o4§25,91 

2,15 

25,90 

2,27 

25,89 

2,38 

25,88 

2,49 

25,87 
26,86 
27,86 
28,85 
29,85. 

27 

26,93 
27-93 

1,88 

26,93 

2,0c 

.16,92 

2,12126,91 

2,24 

26, qo 

2,35 

26,89 

2,4-7 

26,88 

2,59 

=  2 

T,95 

27,92 

2,08 

27,9J 

2,2C| 

27,90 

2,32 

27,89 

2,44 

27,88 

2,56 

*7,S7 

2,68 

29 

z8,93 

2,02 

28,92 

2,15 

28,9* 

2,28 

28,90 

2,4c 

28,89 

2,53J28,3S 

2,65 

28,87 

2,78 

3£ 

*9,93 
3°,93 

2,09 
2,16 

29,92 

50,92 

2,22 

29,91 

2,35 

29,90 

2,48 

2,57 

29,89 
30^88 

2,7c  30,87 

2,75 
2,84 

29,86 
J0J6 

2,88 

3' 

2,30 

30,91 

2,43 

30,89 

',97 

3°,84 

32 

31, 92 

2,23 

li,9T 

2,37 

31,90 

2,51 

31,89 

2,65 

31,88 

2,79 

31,87 

2,93 

31,85 

3,o7 

31,84 

33 

3*,92 

2,30 

32,9J 

2,45 

32,90 

2,59 

32,89 

2,73 

32,88 

2,88 

32,86 

3,02 

32,85 

3,17 

32,83 

34 

33,92 

2,37 

33. 91 

2,52 

33,9° 

2,67 

33,88 

2,82 

33,87 

2,96 

33,86 

3," 

33,85 

3,26 

33,83 

35 

34,92 

2,44 
2,51 

34,90 

2,59 

34,89 

2,75 

34,88 

2,9° 

34,87 

3,05 

34,85 

3,20 

34>$4 

3,36 

34,82 

36 

35. 91 

35.9° 

2,6; 

35,89 

2,83 

35,88 

2,98 

35,86 

3.14 

35,85 

3.29 

35,84 

3,45 

3  5,82 

37 

36,91 

2,58 

36,90 

2;74 

36,89 

2,90 

36,87 

3,c6 

36,86 

3,23 

36,85 

3,39 

36,83 

3,55 

36,81 

38 

37,9' 

2,65 

17.9° 

2,82 

37,88 

2,9  8 

37,87 

3,x5 

37,86 

3,3' 

37,84 

3,48 

37,83 

3,64 

37,8i 

39 

38,91 

2,72 

38,89 

2,89 

38,88 

3,06 

38,87 

3>23 

38,85 

3,4C 

38,84 

3,57 

38,82 

3,74 

38,80 

40 

39'9o 
4.0,90 

2,79 
2,86 

39,89 
40,89 

2,96 
3.04 

39,3S 

40,87 
41,87 

3>T4 
3,22 

39,86 

40,86 

3.31 
3,4< 

139,85 
40,84 

3,49 

39,83 

3,66 

3,75 

39,82 
40,81 

3,83 
3,93 

39,8o  : 

40,79  c 

4i 

3,57 

40,83 
4i,82 

42 

4.1,90 

2,93 

41,89 

3»i] 

3,3° 

41,8(3 

3,48 

41,84 

3,66 

3,84 

41,81 

4,°3g4r,79  ! 

43 

42,90 

3»oc 

42,88 

3,i9 

42,87 

3,37 

42,85 

3,56 

42,84 

3,75 

42,82 

3,94 

42,8c 

4,1284-2,78 

44 

43.89 

3,07 

+3,88 

3,2(- 

43,87 

3,45 

43,85 

3,64 

43,83 

3,84 

4,03 

43,8o 

4,22143,78.: 

45 

44,89 

3>H 

44,88 

3,34 

44,86 

3,  S  31*4,8  S 

3,73 

44,83 

3,92  44,8i 

4,12 

44,79 

4,3 x  44,77 

46 

45,89 

3,2! 

4^,87 

3j4J|4<,86 

3,61845,84 

3,81 

45,83 

4,00 

4<,8i 

4,2i 

45,79 

4,4' 

45,77 

47 

46,89 

3,28 

46,87 

3,48846,86 

3,69846,84 

3,89 

46,82 

4,10 

46,80 

4,3C 

46,78 

4,5' 

46.76 

48 

47,88 
48,88 

3,35 

47,87 

3,56147,85 

3»77J47,84 

3,97 

47,32 

4,18 

47,So 

4,39 

47,78 

4,60 

47,76 
48,75 
49,75. 

49 
5« 

3,42 

48,87 

3,63  48,85 

3,84 

48,83 

4,06 

48,8i 

4,27 

48,79 

4,48 

48,78 

4,70 

49,88 

_3j49 

49,86 

3,7T 

49,_8_5 

3,02 

49,83 

4,i4 

49,8i 

_4,_3_6 

49*29 

J?£ 

4_9,77 

4,79 

5> 

50^88 

Z>^ 

50^86 

3,78 

50,84 

4,0c 

-,0,83 

4,32 

50,81 

4,45 

50,79 

4,67 

5o,77 

4,893so,74} 

52 

51.87 

3,63 

51,86 

3,85 

51,84 

4,08 

51,82 

4,3 J 

51,80 

4,53 

5i,78 

4,76 

51,76 

4,99 

5i,74 

53 

52,87 

3,7c 

52,86 

3.93 

52,84 

4,16 

,2,82 

4,39 

52,80 

4,62 

52,78 

4,85 

52,76 

5,o8 

52,73 

54 

53.87 

3,77 

53,85 

4,0c 

53,83 

4,24 

53,82 
54,3 1 
55,8i 

4,47 

53,8o 

4,7' 

53,77 

4,94 

53,75 

c,i8 

53,73 

55 

54.87 

3,84 

54,85 

4,°s    4,83 

4,32 

4,56 

54,79 

4,79 

54,77 

5,03 

54,75 

5,27 

54,72 

56 

55,8(5 

3,9' 

55,85 

4,i5 

55,83 

4,39 

4,64 

55,79 

4,88 

55,77 

5,^2 

5<»74 

5»37 

55,7* 

57 

36,86 

3,98 

56,84 

4,23 

56,82 

4,47 

,6,8i 

4,72 

56,78 

4,97 

56,76 

5,22 

56,74 

5,46 

56,71 

58 

57,^f 

4,°5 

57,84 

4,30 

57,82 

4,5  5 

57,8o 

4,8c 

57,78 

5,°6 

57,76 

SO* 

57,73 

5,56 

57,71 

59 

58,86 

4,12158,84 

4,37 

f8,82 

4,63 

58,8c 

4,S9 

58,78 

S>!5 

,8,75 

5,4c 

58,73 

5,66 

58,7C 

6  c 

59.85 

4,T9|59>84 
Lat.  I  Dep. 

4,4; 
Lat. 

9,82 
Dep 

4,7' 
Cat 

59,79 
Dep. 

4,97 
1  at. 

9,77 
Dep. 

^,23 
Lat. 

59,75 
Dep. 

5,49 

59,72 

Lat. 

59,_70. 
Dep. 

s 

|Pcp 

Lat. 

Dep. 

3     0  Min.      '    4<;  Min. 

30      in. 

1  -  M  in 

0  Min. 

4s  Min. 

30  Min. 

frr* 

Vdb  J 

^eg. 

i 

is  u 

egree 

i 

fyD 

'greej 

TRAVERSE 


4  Degrees 


TABLE,     712. 

5  Degrees 


3*j 

d 


Min. 


,85 

,85 
,84 
4>84 
,84 
,84 

,h 

},83 
)j8_3 

,83 

,82 
,82 

■ 
,82 
.81 


,81 

■ 

,80 
,80 

,80 
,8a 

•79 
'79 
•*79 

,79 
.73 

'1S 

:,7s 
,78 

>77 
,77 
•>77 
'77 
'76 
'76 
,76 

'l6 
°>7 

l>7 

2,7 
3'7 
4,7 
5,7 
|6,7 
7,7 
3,7 

hi 

°,7 
1,7 
2'7 

3,7 
,+,7 
5,7 

"5,7 
T,7 

*,7 
3,7 


Dep-     Lat 


4,26 
4,33 


1 5  Min.    I     30  Min.    g    45  Min.    I     o  Min. 


'60,83 
61,83 


4,4.062,83 
4,47  [63,82 
4,54»64,82 
4,61165,82 
4,67  66,82 
4,74|67,8i 
4,8i|68,8i 
4,SS  69,81 

4»95i7°>8i 
5,02  71,80 
5,09  72,80 
5,16  73,80 

5,23  74,79 

5,3c 

5,37 

5>44j 

S,5i 

5,58 


75>79 
76,79 
77,76 
78,78 
79,_7_8 
5,65  80,78 


5,72 
5,79 
5,86 

5,93 
6,01 
6,07 


6, 
6,28 


81,78 

2,77 
:3,77 
84;77 
85,76 
86,76 


6,1487,76 


|8S,76 
°  75 


6>35  9°,75 
6,42591,75 

6,49|92,75 
6,56  93,74 
6,63j94,74 
6>7°fl95>74 
6»77|96,73 
6,84|97,73 
6,9I|98,73 
6,98l99,73 


7,05  100,7 
7,123101,7 
7,195102,7 
7,265103,7 

7>33]I04,7 
7,401105,7 
7,46:106,7 

7,53iio7,7 
7,6o!io3,7 

7,74]no,7 
7,81  in, 7 
7,83  112,7 

7,9  d"  in 
8,02^114,7 
8,091115,7 

8,i6Jii6,7 

8,23JTi7,7 
8 

Lat.  S  Deo. 


Pep- J 


Lat. 

4,52^60,81 
4,6o'6i,8i 
4,67^62,81 
4,74f63,8o 
4,81164,80 
4,89|65,8o 
4,97|66,79 

5»°4|67,79 
5,n|6S,79 

_S,i_9|69,7S 

5,26|7o,78 
5^34171,78 
5>4i|72,78 
5,4873,77 
5,5674,77 
5,63}75,77 

5,7  *  76,76 

5,7877,7' 
5,8678,-6 

5,93579,75 


6,00(80,75 
6,08*81,75 
6-i5  82,75 


6,30 


'3,74 
'184,74 
°,37  85,74 
6,4586,73 
6,5287,73 
6,60^8,73 
6,67*89,72 


6'74]90j72 
6,82591,72 
6,89^92,71 
6>97JJ93,7I 
7>  =4394, 7 1 
7>12|95>7i 


Dep.  I  Lat. 


4,79|6o,79 

4,87|6i,79 
4,94|52,73 
5,02f63,78 
5, 1  of  64, 7  S 
5,l8|65,77 
5,26|66,77 

5,34|67,77 
5,4i|68,76 
5,49^9,76 


5,57|70,76 
5,65b  1,75 
5,7  3172,75 

5,8i|73,75 
5,88|74,74 

5>96;75,74 
6,04^76,74 
6, 12*77,73 
6,20*78,73 

j6_,2^|79,23 
6,36|So,7 
6,43i8r,7 
6,5f '-,72 
6,59|83,7I 
6,67x84,71 
6,75;8;,7i 

6,83186,70 
6,91587,70 
6,98|88,7o 
7,06^89,69 


7,H 
7,22 

7,3° 

7,38 

7,45 

7,53 

7,61 

7,69 

7, 

7,»5 


Dep.  a  Lat. 

5,0560,77 
5,14,61,76 
5,22|62,76 
5>3°^3,76 

5,3§J64,75 
5,47,6  ,-,7  5 

5'5566,74 
5,63f7,74 
5,7i|6S,74 
_5,8oj69v7_3 
5,88170,73 

5,96|7i,73 
6,04  72,72 
6,13  73,72 
6,21174,71 

6,29  75,7i 
6,38176,71 
6,46  77,7o 
6,54873,70 
^6,63179,70 

6,7180,69 

6,79|8i,69 

6,87882,68 

6,96183,68 

7,04184,68 

7,12185,67 

7,21136,67 

7,29187,67 

7,37 

7,45389,66 


9i,63 
92,68 
93,68 
94,67 

95,67 
96,67 
97,66 
98,66 
99,66 


8,301111 

8,37|ii2,7    S,87j 

8,45i"3,6i  8,95.113,6    9,4451 13,5! 

8,52-114,6   9,021114,6    9,52:114,5' 

8,60*115,6    - 

8,67Jii6,6 

8,751117,6 

8,82*118,6 


9,85  118,53 


7,54|9o,65 
7,62391,65 
7,70*92,65 
7,78|93,64 
7,87|94,64 
7,951^5,63 
8,03196,63 
8,12897,63 
8,2o|93,62 
8,28999,62 


De 


!<;  Min. 


Lat. 

5,32^0,74 
5,4o|6i,74 
5,49862,74 
5,5S|63,73 
5,67s°4,73 
5,75565,72 
5,S4|66,72 

5,9  3|6  7,7* 
6,02868,71 
6,10569,71 

6,19170,70 
6,28371,70 
6,^6^72,69 
6>4-Si73,69 
6,54174,69 
6,6275,68 
6,71*76,68 

6,Soi;7,67 
6,89J7S,67 

_6,97|79,_6_6 

7,o6|8o,65 


o  Min.    J    45  Miri. 


7,15 
7,24 
7,32 
7,4* 
7,5° 
7,58 
7,67 

?! 


8j,66 
82,65 

83,65 
84,64 
85,64 
86,63 
37,63 


7,76188,63 
7,84189,62 


8,361100,6 
8,45|'ioi,6 
3,^38102,6 
8,6i|ioj,6 
3,7o|io4,6 
8,73Jiot;,5 
8,36|io6,5 
8,944107,  q 
Q,°3poS,5 

l>ll\]SL9-i5 

9,i9|iio,5 
9,23]iii,5 
9,36^.112,5 


7,93J9°,62 
S,02J9i,6i 
8, 1 1192,61 
3,i9|9  3,6i 
8,28|94,6o 
8,37|95,6o 
8,4519  6>  59 
8,54197,59 
8,63198,59 
_8,72|99,_5_8 

8,8o]ioo,6 
8,89|'oi,6 
8,98|io2,6 
9,o7|io3,6 
9,i5]io4,6 


9,24 
9,3 


9,4iI07,6 
9,50)108,5 

jM9llo9i 
9,68lno,5 


yju.jij^o  9,52114,5 

9,io]ri5,^  9,61.1115,5! 

9,iS.jn6,5  9,691116,51 

9,26:117,5  9,77:117,51 


9,76 
9,85 

9,94 

I0j02 
IO,II 

IO,20. 
IO,2Q 


ro5, 
106,6 


111,5 
112,5 


Dep. 

5,58|6o,7 

5,67|,6i,72 

5,77162,71 

5,S6(63,7i 

5,95|64,7o 

6,04165,70 

6,13166,69 

6,22167,69 

6,3i|6S,6S 

6,4«^9,_6_S 

6,5^7°,67 
6,59|7i,67 
6,6872,66 

6,77j73,66 
6,S6|74,66 
6,95*75,65 
7,05|76,65 
7,i4|77>64 
7,23|78,64 

2,32?79,63 


Lat. 


7,41180,63 
7,50(81,62 
7,^o?82,62 
7,69|83,6i 
7,7 S  84,61 
7,87  85,6 , 
7,96586,60 
8,05  87,6c 
88,59 
89,59 


8,14 

'-4 


8,33 

8,42?, 

8,51 

3,6  s 
8,69  9 
8,7S' 
8,83 

8,97 
9,06 

9,i5 


9,24 

9,33 

9,43 

9,52. 

9,61 


90,58 
91,5s 
92,57 
93^57 

95,56 

96,55 

97, 

98, 

99,54 


100,5 

101,5 

102,5 

103 

104,5 

9,7o|io5,5 

9,79*106,5 

9>88fio7,5 

9,97JioS,5 

10,07^109^5 

io,i6Iiro,5 

io,25UH,5 

i°,34ili2,5 


Ii3,5iIO,43lII3,5 


'14,5 
"5,5 
ti6,5 

"7,5 

110,5 

ii?i.5 

Dep. 

45 


Dep.  j  Lat. 

5,85^0,69 
1,9461,69 
6,04  62,68 
6,13'  63,68 
6,23  64,67 
6,'3316^,';7 
6,42^66:66 
6,52|67>-66 
6,6468,65 
6,7^60,65 

6,8i|70j64 
6,9^71,64 
7,oo|72,63 
7,°9|73>63 
7,19*74,62 
7,29|75,6i 
7,38l76,6i 
7,48|77,6i 
7,57|78,6o 
7,6  |79,60 
7,76*80,59 
7,86|Si,59 
7,96182,58 
^8,05183,58 
8,i5is4,S7 
8,24(85,57 
8,34|8S,56 
8,44187,56 
8,5388,5^ 
8,63^,55 


Dep 
6)ii 

6,2li 

6,316 

6, 4-  4 
6,51 
6,61 
6,7i| 
6,81 
6,911 
7,01 


b>72|9c,54 
8,8291,54 
8,92'92,53 
9,oi|9,353 
9,11.94,52 
9*20.95,5 
9,30^6,51 
9,3997 
9,V9{9S,5° 
_9,5999'^f 
9, 63]  rcc,  5 
9,78)101, 
9,87,10,25 
9,97] '°3,5 

IO,o6;_I04,5 

10,16^105,5 

io,26|ic6,5 
10,35510 

10,45^08,5 
io,s4Iio9,4 

10,64'f  10,4 
10,741 1 1,4 
10,83*1 12,4 

I-,93!II3»4 
n,03;ii4,!v 


ic,  525114,5 
io,6i|ii5,5 
io,7i|ii6,5 
ic,8c|ii7,5 
io,3q|u 
io,o8jii  '9,4. 
Tat.  I  Dc~!  Lat.  j  Den 
Min.     «     15 


7,i  4  7* 
7,21 

7,3' 
7,4] 

7i5! 
7,6i 
7,7i 
7,8 1 

7,9  ^ 
8,01 


61 

62 

63 
64 
65 
66 
67 
68' 
69 


72 
73 

11 
78 

79 


82 
8} 

84 
8? 
86 
8^ 
88 
8a 


8,11 
8,21 
8,3 
8,41s 

8,5i 

S,6ifi 

8,71 

8, Si 

8,94 

9,01a 


9iin 
9,2  ii 

9,3^ 

9,4X 
9. 5i| 

9,61^ 

9,7'S 
9>8ii 

9,9-1 

IOjOlS'O? 

ic,i  !!'0' 

I0,2l|l':'-- 

io,32[»o; 

IO,42b'OH- 

10,52^  °~. 
10,63'  1  oC 
io,72|io7 
16,82|10- 

11,0251  L° 


9'/ 


1,12   H  5,4 

1,22  1 16,4 

11,31 117,4 

11,41  1 18,4 
1  r,5°r  19i4 


Il,l2|n  ' 

">",!: 

II,42|1^- 

n,5'41' 

ri,6a|ii6 

ii,7yT 

II,92i'^' 
12,02|:T1'- 

TaTI   c- 


84  bq 


T R AVERSE 

6  Degrees 


TAB  L  E,    712. 

7  Degree 


Lat.  ,r  ■ 


3* 

33 
34 
35 


S°)»3 

32,82 

33,3i 

4,8 1 

36  35,80 


36,80 
37)79 

39>7_8 
4°)78 


S7 
3* 
35) 
40 

4' 

42 

43 
44 
45,' 
46] 
47?46,74] 

4%7,7 
<  9|43,73 

5]|5°>7 

52|5I)72 

53|52?7i 

54|53,7o 

S5j54,7o 


41'77! 
42)77 
+3)76 
75 
45.75 


3,4^52,80 

3>5,6jo= 
3,66134,79 

3)7%5>79 
3*^.7136,78 

3>97J37,77 
4,08138,77 

l»i8|3£,7£ 

4,29140,76 

4)398+1,75 

4,49142,74 

4)6c|43,74 
4>.7©]44>73 
4)8  m  5)73 
4>9 i  46,72 
5,02'47,7i 

5)'2|4S,7i 

_5)j_3l+9>_7° 
5)33|5°)7o 
5,44]  51,69 


5)6-5  5 3,6 8 

5)75,54)67 
5,->5i55)67 
5)96|56,66 
6 


J,S5|i6,39 
1,96117,88 
2,67]iS, 
2,i8|io,87 

20|2O,36 

2,39821,86 

5c!22,8v 

2,6l[ 

24,84 

2,83125,83 

94|26,83 

3)05F7  " 
3,16128 

l'i-7tq'Sl 
3,3^ 

3)4^3!,79 

3)5?f3V/9 
3)70i33,73 
3,8i|34,7S 

3,9=  35,77 
4,°3«3^)76 
4)T4]37,76 
4,24338,75 

4,46^40,74 
4>5?'p4i,73 
4,6%2,7a 
4)79n+j,"2 
4,90144,71 

5)°j|+5)7i 
5,1246,70 
5)23  47,69 
5)3+1+8/9 
jo+4J49,68 


5/5 


50, 


5)6651,67 
5, '54352,69    5,77)52,66 

5)8S;53.65 

5)9954,65 

6,1055,64 

6,2156,63;  6,45|56..6i 

57,66    6,3:57,63!  6,5757)6o 

0,1758,65    6,4258,62!  6,6Si58,54 

6,27  59)64!_6,53  59,li!  6,79  „,$ 

:~-^  -H!Ejif !:  PiP-Ui^  Pep. 


2,04*17,88 
2,i5|iS,87 
9,86 

-2,3S|20,T5 

49I21 
6*2,84 

2,72|2-3)83 
2,83124,83 

2)94425,82 
3,o6|26,8i 

|27,Sl 

3,28128,80 

2i4ifi2'.Z9 

3)5i|30)79 
3,62131,78 

3)74|32)78 
3)s  5133)77 
3*9<$34)76 

4)°8|35,75 

4> J  913  6, 7  5 
+)3or-7,74 
4,42|3S,73 

+,5139,_7_2 
4,64140,7  s 
4,76141,7 1 
4,87*42.70 
4)9%3)7o 
5' 

5)    , 
5,32*46,68 

5)43|+7)67 
5,55948,66 
5)661+1,65 

5»77S5o,6 5 
5,89551,64 
6,00152,63 

6,ii|53)63 

6)23|5+,62 

6)3+,j55)6* 


I,29«IO,92 

1,41111,91 
i,53|i2,9o 
I,65JI3)9o 

1,76114,89 
i,SS|J5,SS 
2,00^16,87 
2,i2|i7,S7 
2,23|i8,86 

2,47120,84 

2,59 

,70122,83 
(23,82 

,94824,82 
3,o6|2  5,8i 

3>l7f-6>~ 

3.29f7)79 

3,41328,79' 

3'64|30)77 
3>76i3i)76 
3.8-1832,76 

4,  oof  3  3, 7  5. 
4,u|34,74 
4>23|3^73 
4)35fi36)73 
4)47837)72 

4)  58838,7 1; 

4)7_5j39)7o 
4,82! 


3)9° 

4,02, 

+)i+ 

4)^7 
4)39 
4)5' 
+)b3 
4)75 
4,88 


o,7oj  5,oq 


31,74  4,04131,74 
P)74  ■4)I7j32»7+ 
33)73  4)29'133)73 
34)72 1  4,4$|34>7 
35)7i  4,54135.^ 
36,70  4,67136)70 
37.7°  4)8cj  37,7o 
38,69  4,93J38,69 
39)6_8_5,05  39)^8 

+°)«7|  5)i7  4^)67 
5,30.41)66 


+,94141,69    5,i2ki,66    _ 
5,o6jJ42,6SJ  5,24142,66]  5,43,42,66 


W,°7 


5 

5.29 

5,4ik5,66 

5,521+6,65 

5,64847,64 

^,76148,64. 

5,S8.j49,63: 

6,00950,62 
6,11951,61 
6,23152,61 
6>35I53)6o 

6,+7  5+)^9 
6,58^5,58 

6,7056,58 
6,S2f57o7 
6,94,'52)5G 

Lat.  jUep. 


5)36k3,65 
5)+8|44)6+ 
5)6i|+5>63 
5)733+6,62 
'5fl+7)62 

5)97 +8)6 1 
6,09  49,60 

6)22  50,59 
6,34,  51,5s 

6)+6|52,58 
6)  5Sj5  3)  5  7 
6)7oj5+)56 
6)83355)55 
6>  9  515  6)  54 
7)^7157,54 
58)53 
59)_5_3 
Dcp. 


7,'9 

7,31 

Lat. 


5)^5  43)65 
5,68|44,64 
5,8114.5,63 
5,93|46,62 
6,06147,62 
6,i8|4S,6i 
j6,_3_i|+9_)6_o 

6)44|5°>5S 
6,56151,59 

6,69852,5s 
6,82|53)57 
6,94)54)5  6 
7,07JJ55>;o 
7,19656,5+ 
7)3a|57.5+ 
7)45|5S)53 
7,57|59'i3 
Lat.  f  Dep.  ( 


4,051 

4)i8j 

4.31! 

4,4433 

4)57[ 

4)7 

4)§3 


29,73 

3o*7 

31)7 

*% 

34,68 
35.6 
6,66 


4»96i37)65 
5,09138,64' 

J>.^2]39)£4; 

5)35|40)63 
5,+8|4i,62 
5,6i|42,6i 

5.74|43)6(^ 
5>87|4+.59 
6,co  45,58 
6,14146,57, 
6,27)47,56 

6)4o|48)55 
6,66,50 

6,791:51 
6,92152,52. 

7. T  8(54,50. 
7,3I,|55>^9 
7,++  56,+8, 
7.57357-47: 
7,7o-5S,+6, 

7)_8j.;59'4J 
Lat.  jj  Lep. 


: 


! 


-J-5-N'n-        3°^'"  •    I    15  Min. 
83  L&Jeii 


o  Min. 


,;  r  iv  iiLj     30  Min.    ')    15  M 


&  D 


e^recs 


M 


.. 


TRAVERSE 

6  Degree 


21320,79 
22j2I,7^ 

23>2>J7 

26125,74 

*7p*7? 


3130,70 

33  32,68 
34j3~,67 
35  34,66 

3635>6S^ 
-<7i30,6* 

3837^3 

39J33,62 
40 '39,62 
41^40,6;. 

42J4L59 

43p,5» 
44:43*57 

4  5  ^44.,  s  6 

4%s'»5  5 
47M-6,54 
4S|47jS3 
49*48,52 

5£|49>S£ 
5iko,5o 
5'-J5I,49 

54  J53*47 

5  5^54*47 
56JSS>46 
S7H6>4 

S8  57,44 
^9|58,43 
60259^42 

OjlDep 


5,71*40*  5 
5.S5|4»>5 

5,99[42^56 
6,1.'.  43,55 
6,26h44,54 
6,4064-  ,  5* 
6,'4|46>5i 
6,6814-7,50 

638?.|4S,49 
_^96'4_9>4^ 

7, 1  o|  5o?47 
7,24j5ij4& 
7>38]:s»4S 
7>52j53>44 

7,66|54*43 
7,79l55*42 
?,93j56,4' 
8,07357,40 


6,otj4o,5 

6,2ibi,3 

6, 3684:, 5 

6*5°J43,49 

6,6o?44*4 

6,8o!45,4  6 

6,9584-6,45 

,.  7,°9|47*44 

7,°3|4o,46    7,24548,43 

7, iS J49,45    7,39|49>4Z 

7*32150^441  7,;4J5o,4i' 
7,46|5i,43  7,69151,40' 
7,6I|52,42    7,83  52,38 

7,75853,41  7,98  53,37 

7,s9i'54,4°  3,i 3854,36 

3,-'4|55*39  V8  55,35 

3,JoS)6,37  3,43  56,34    , 

3*3^57,36  3,57  57,33    3,82|57,29 

3,2i|58,39    8,47|:-s,35  8,72  58,31    8,98?5S,28 
^li«12'_^j ^.'llf 59*34  _8*lzl59'3°    9,13159,26 

Min.     I    45  Min. 


40,50 
41,48 
4**47 
6,t>9^43,4b 
6,S5?44,45 
7,oo|45*43 
7,i5|46,4^ 
7,3047,41 
7,45f43,4c 

7,76S50,37 
7,9i|5i*36 
3,o6j52*35 
8,2i|53,34 
3,37154,32 
8,52^55,31 
3,67856,30 


3,29120,75 
3*44|aI'71 
3,6dp2,7c 
3*76|23'05 
3,9ip4*t'S 
4,07|2'5j6fc 
4,22126,65 

4,38127,64 
4,54|28,6- 

4,69|29,_6_i 
4^85130,60 
5*01" 
5,i6[32*57 
5,3233,5'^ 
5,4§  34,5  5 
5,6335,54 
5*79(36,53 
5,95[37*52 
6,io^3s*49 
_6,26j39*4f 

6,41-40,47 
6,57-4',45 
6,73*4^*44 
6,38j43,43 
44>42 
7,20  45,4° 


2,89317,75 

3,°5|l8*74 

3,^2|<9,73 

120,71 

3,54jiI*7c 

3*Zcf22*69 
3,86823,67 

4,02324,66 
4,18125,64 
4,34826,63 

4*5°I27*63 
4,66828,60 

4,3fpi5_9 
4*93!3°*58 
5*i4|3I*56 
5,3ip*55 
5*47f33,53 
5,63l34*52 


7*35 
7,5' 


46,39 

47 


7,66^48,36 

7,9850,52 

8,i4]5I,34 

3,295 
3,45  53^o 

8,60  54,29 

55,27 
56,26 

57,25 
58,23 

59,23 


8,76 

8,92 

9,0 

9,23 

9*39 


Lat. 


30  Min.    \     15  Min.    i     o  Min. 

&!  L>e>rces 


Dep, 


5,79 
5*95 
6,11 

6,27 
^43 

6*59 
6,75 
6,91 

7,07 
7,23 
7*40 
7*56 
7,72 
7,33 
^04 

8,20 
8,36 
8,52 
8,t>8 
8,«, 


35*5! 
30,49 
37*48 

3**4; 

39*45 

40,44 

4i,43 

42,41 

43,4o 
44,38 
4<*3 
46,36 

47,34 
43,33 
49*_3_2 

50,30 
51,29 

52,27 
53*20 
54,25 


45  Min 


9,00;  55,23 
9,16  56,22 
9,32  57,21 
9,43i53,i9 
9,^  5_9,^ 
Lat.  I  Dep 


1,161  6,89 
1*328  7,83 
i, I-9I  8,86 

iil5L?ii4 
i,82jl^,85 
n,83 
(2, 80 

31  13.79 
2,48  14,78 

2*64i5>77 
2,81  16,75 

2,97  17,74 
3*I4Ji3,73 
J,3_oji9^7_i 
3,47)20,70 
3,63821,68 
3,Sc|22,67 
3,96|23,65 
4,13124,64 
4,29825,62 

4,:]6J26,6l 

4,62827,60 
4,79]-8,58 
_4j96Ji9,57 

5,I2J3o,55 
5*29}3I,54 
5*45J32,52 
5,°2  33,51 
5*78  34,49 
5*95  35,48 
36,47 
37,45 
6,44J38,44 
_6_,  bi  |39_>42 

6,7740,41 

6,94  41,39 

7,10 

7* 


42,38 

43, 36 

7,43  44,35 


7,6c 

7,76 

7*93 
8,cg 


0,42 
8,59 
8,75 
8,92 
9,08 
9*2 
9,4 
9,53 
9,74 
9>JP 
Lat. 
30  Min. 


45*34 
46,32 

47.31 
48,29 


8,26  49,2s 


6 

25 

52,24 

53,22 

54,2' 

55, '9 

56 

57,i6 

58,15 

5JM3 

Dep 


9*1 

9,i 

9>! 

9> 

9>\ 

9* 

io,| 

La 

15  Min 


80  Derives 


TRAVERSE 

8  Degrees 


Si  Degrees 


So  JJegreca 


78  Degrees 


TRAVERSE    T  A  B  L  E,    712; 


Min. 
Dep. 


i-M9 
10,77 

'C94 
n, 11 
11,29 
11,46 


|07 

6:4 

631 

6,  jo 

hi 

(\)7  ">8i 
^5rI>98 

£l)2  12,38 

to1  i2'5° 

?!;9 
7  ;y 


IS  M 


<?  '5=98;  9°, 5-3 
9i.6,i5J9i,5z 


Lat. 
60,03 
61,01 
61,99 
62,98 
63,96 
64,95 
65,93 
66,91 
67,90 
68,88 

70,85 

J2,68J7^?4 
92,8572,82 

*3>2°,74>79 

75,77 
76,76 
77,74 


78,72 

9*7i 
0,69 


3>37 
8*54 

io  13,72 

fa  "3^9 

7  H>°7  79»7i 
6  14,24. ?" 

4  14,41; 

2  i4,59;,82,66 

3  14,76^83,64 
<Ji4,93|84,6s 

15,11.8.5,61 

8  15,28:86,60 
715,4^87,58 
3  15,63  88,5^ 
*  15,8089,55 


M,7  16,33*92,50 

V-  16,5c  93,48 
[4  16,6794,4; 
3  i6,85?95,45 
1  « 7,0^96,44 


97,4* 

98,40 


17^9 

IZd7 

j7|i7>5499,39i 
4»  17,71}  100,4 

9A  i7,89iIOI,4 
<?4l8,o6ji02,3 
«C4  18,23  103,3 
3  18,41  104,3 
318,5810.5,3 
3  18,75;  1 06, 3 
318,93:107,3 

a  1.9,10108,2 

^3  '9,28  109,2 
3  i9,45pIO»2 

J*j3  i9,62|m,2 
J  i9,8o]ii2,2 
i  19,97  « 13 
220,14  114,1 

Jf20,32  «>5,T 

120,49 116,1 

20,5 7Jt  I 

20,8.1 

Lat. 

iMin. 


Dep. 


Pep. 


o  Degrees 


Lat. 

59,98 
60,96 
61,94 
62,93 
3,9i 


30  Min. 


6.. 
74  64,89 
92 
io66,5 
28 
46 

69,81 
81  7o,79 
99  7!,73 


67,84 
68,83 


72,76 


73,'H 
5*74,73 
7°|75,7I 
76,69 
77,68 
78,66 

41  79,64 
59)80,63 
77|8i,6i 

9588^,59 
'383,58 

30184,56 
48185,54 
66|86,53 
84187,51 
02|88,49 


ep. 


37890,46 

S5J9I,44 
73|92,43 
9^93  41 
4,39 
26195,58 
44496,36 
6a|97,34 
79!9_8_,3_3 

97|99,3I 
151100,3 
33|ioi,3 
5i|i02,3 
68|io3,2 
86|io4,3 
042105,2 
j|io6,2 
401107,2 

7s|i09,i 
933110,1 
ii|iir,i 

29|II2,I 

461113,1 
6431  r4, 1 
82|ir5,o 

00^116,0 
i8|ii7,o 
35fl.n8,o 

Lat.  a  Dep.  *  Lat. 
45  Min.    l^oTrinT 


il 


45  Min. 


Lat. 


.59,93 
>|6o,9i 
48^1,89 
66[j62,88 
8563,86 
03564,84 
65,8 
66,81 

67,79 

76168,77 

69,75 

o,74 
30|7J,7i 
49)72,70 

73,6 
.,,74,6,. 
°3S75,65 
22376,63, 
40377,61 
£8]78,6o 

76J79>5S 
94 18  0,56 
i3Jj8i,54 
3i|82,53 
49883,51 
67|84,49 

85|85,47 

04586,46 

22i87,44 
40288,42 


30 


53|89>40 
77|90,39 
9S|9I,37 


3 »  93,33 

5oj  94,32 

68;  95,30 

86^96,28 

97,26 

98,2.5 


99 

1 00,2 
774101,2 


■102,2 
103,2 
104,1 
105,1 

so6,i 

'07,1 

'108,1 


233 1 09,1 

41 
59, 
?S 
c»6 
14 

32, 

69 


110,0 

111,0 

112,0 

113 

114 

1.4,9 

))I15>9 

116,9 

Dep. 


Dep. 

"i,l8 
1,56 

T>75 


3,43 
3,61 


Min" 


1 1  Degrees 


V9 


Lat. 


.  ,93 
60,86 
61,84 
9462,83 
63,81 
64,79 
65*77 
66,75 
6.7,73 
68,71 


12 

2,3i 

2,50 
2,68 
2,87 
3,06 
3,24  69,70 


70,68 
71,66 


3,80^72,64 
3,99J73,62 
4,i8j74,6o 
4,36p5,59 
4,55|76,57 
4,74^7,55 
4,93J78,53 


Zi'i3  llf%l  2M? 


5,ii79>5* 
5,30180,49 
5,48181,48 
5,67(82,46 
5,86583,44 
6,04184,42 
6,23185,40 
6,4186,38 
6,60387,37 
6^7988,^5 

6,97|89,33 
7,1690,31 

7,35*91,29 
7,53l9z,27 
7,72l93>26 
7,91194,24 

8,09  [95,22 

8,28  [96,20 
8,47  97,18 
8,65^8,16 


8,8499,15 

9,03  IOOil 
9,21102,1 
9,40  103,1 
9,59  1C4,0 

9,77°  105,0 
9,96  106,0 
20,14  107,0 
20,33  108,0 
20,52  1109, o 
20,70  109,9 
20,89  no,9 
21,08  jm,9 

1,26  II2',9 

i,45  "3,9 
i,6i)|u4,8 

115,8- 

22,Ol|ll6,8 

22,2c|lI7,'8 

22,38lfi8,? 

■Lat.  SDep., 


Lat.     Dep.     Lat. 


59,83 
60,81 
61,79 
62,77 
63>75 
59  64,73 
9565,71 
&  66,59 
67,67 
68,66 


,4° 


;°7 


13, 


*5  Min-      ,  30  Min.    j|_45  Min 


Dep.  I  Lat. 

2,l6J59,72 
2,36160,7c 

2,56561,68 
2,76  62,66 
2,9663,64 
3,16  64,6a 

3,36  65,60 

3,56  66,58 

3,76,67,55 

,9668,53 


Dc 


11  Min. 
grtes 


23 
23 

Lat 

4~5~Mlfi7 


79,37 
00980,35 

i,33 
82,31 

83,29 
84,27 
85,25 
86,23 
3618.7,21 
56p,_i_9 

75|89,i7 
9S|9°,i5 

34592,11 
54:93,09 
73394,07 
92595,05 
12596,03 

3i|97,oi 

7°J98,97 
9°s99,95 
°9'|foo,9 
29|ioi,9 
483102,9 
6S|io3,9 
88|I04,8 
07|i05,S 

4_6|i  0-7,8' 
66|ro~8^8 
35|io9,7 
O5|i'io,7 
24|in,7 
44|  1  l-a,  7 
63Jii3,7 
833114,6 

02|ilc,6 

22|ji6,6 
4i|n7,^ 


4,16869,51 
4,36|70,49 
4,55|7i,47 
4,75|7*,45 
4'95|73,43 
5,15  74,41 

5,35  75,39 


5^55 
5,75 
5,95 


76,37 
77,35 
78,3a 


6,15  79,3° 

6,35 

6,55 

6,75 

6,95 

7,i5 


Dep. 

12,43 

12,63 

12,83 

13,03 

13 

13,44 

13,64 

13,85 
14,05 

I4,2t 


61 

62 

63 
64 

65 
66 

67 
68 
69 

1Z 

7* 
7* 
73 
74 
75 
76 

77 

73 

79 
So 

81 
8s 

83 
84 

85 
86 

S7 

S3 

87,14' r8,i2   89 

88,12  18,38^  9o 

18,53  9^ 
18,74:  92 
18,94  93 
19,14!  94 
19,35   95 


14,46 
14,66 
14,87 
15,07 
15,27 
15,48 
15,68 
15,88 
16,09 
16,29 
16,50 
16,70 
16,90 
17," 
17,31 
17,51 


80,28 
1,2 

82,24 

83,22 

84,20 
7,35|85,i8;i7,7 
7,55|86,i6  17,92' 
7,7 

8,1 

"  3 

5 


89,09' 
90,07 
1,05 
8,74|92,03 
:,94f93,oi 


9,14193,99,19,55    96 

9,34|94,97|i9,75    97 

9, 54^9 5, 95;  19,9 6;  9 8 

9,74|,96,93'2o,i6   99 

_9, 94, 97 ^9_r  120,^36  ;1oo 

"°,i4[,9.8,88  20,57  Joi 

o,34  99,8»!2o,77|ioa 

0,54,100,8  20,98^103 

2o,73|ioi,8  2i,i8|io4 

2o,93'i02,8]2i,33jio? 

2i,i3?i03,8J2!,  59:106 

2i,33|io4,8.2i,79|io7 

21, 53*105, 7,2i,99|ioS 

2I,73|l06,7',22,20tI09 

2i,93|io7,7  2 2, 40]  1 10 

22,I3|loS,7 

22,33  100,6 
!2,53|iio,6 
!2,73?iu,6 
2.',93|ir2,6 

-3,i3|i'3>6 
i3,33jIJ4,3 

13,73jI1"6»- 
i3,97-SrI7,5 


Dep.'  Lat.  »Dep. 


3^ 


1  <;  Min 


7S  Dsjm , 


TRAVERSE    TABLE,    712; 

13  Degrees 


30  Min. 


4s  J 
"Lat. 


I 


Dep 

0,23    0,97 

°,47    ^94 
0,70   2,91 

c,93    3,89 
i,i 7,  4,86 

^40'  5,83 
1,63]  6,80 

^871  7,77 
2,10]  8,74 

±>34!_9j>7i 

2,57iIO,69 

2,80111,66 

3,03  1^63 

3327^3»MI 

S,5°M>S7 

3,74/5,54 

3,97:l6»5': 

4,20:17,4.8: 

4,44318,46 

4,9°,20,4° 
*42I»37 

5,3722,34l 
5»6o  23,31 , 

5,84JM^-8 

6,07^.2  <;,-a6 

6,30:26,23 

6,S4*27) 

6J77„28>I7 

7,0029,14 


7,2a"30,H 
7,4731,08 
7,7°32,°5 
7>94'33»°3 
8,i7j34>oo 

S,4i|34>97 
8,64|35^94 
8,8736,91 
9,1137,88 
^,34.138,85 

9,57139,83 
9,8140,80 
0,0441,77 
0,27,42,74 
0,5143,7' 
o,7444,°8 

o,97  45>°5 
1,2146,03 

1,4447,60 

',6748,57 


Min.     |j    4<;  Min. 


1,91 49,54 
2,1450,51 
2,3751,48 
2,61 52,45 
2,84  53,42 
3,07  54,40 
3,3 r  55,37 
3,5456*34 

3,77  57>3» 
4,01  58,2s 

~  "Dep. 

30  Min.    I 


1? 


77  Degress 


76  Degree* 


: 


TRAVERSE 

12  Degrees 


o  Min. 


15  Min. 


+5 


;3+ 


DepJ  Lat.  J  Dep 

ia,6S|59,6i 
12,89(60,59 
i3,ioj6i,57 
J3. 3ij62,54 
13.5=  163,52 
I3»72  64* 5° 

i3»93I65j48 
14,1466,45 

I4»35  67,43 


*:.39  72,32 


!: 


lS,7I 


30  Min. 


Lat. 

.  59.55 
6  60,53 


13,58  62,48 

13,79 
14,00 
14,22 

4.43 
14,64 
14,^5 


84,o4|iS,25J83,96 
18,46184,94 
l8»67}35,92 


18,5086,97 


3  20>I7l94,79 

20'38|9S,77 
20,58896,75 


20,79! 


2I,42j 

21,62 

21,83' 

21,04.' 


22,25!  104,6 


100,7  21,86 


.45 
22,66 

22,87 


86,89 
87,87 


19,31  88,84 


45  Min 
Lat 


59>5° 
60,47 

3>64l£i,45 
3,S5|62,42 
4,°7|63,4° 
4,39864,37 
4,5op5,35 
4,72J66,j2 

4,93(67,30 
£a$M7 

.  3  7J6  9,: 
5.5'^ 


6.45l74.i3 
:6,67J75,io 

:M%6,q8 
7,10177,05 

^3a|78,Q3 

:7,53|79,o° 
:7>75|79>98 

7,97|8o,95 

:8>4°|82,9 
[8,6iJ8:ys8 

:8,S3lg4,86 
[9,05885,83 
[9>26]86,8i 
[9,48J87,78 


Dep. 


Min. 


3,4t> 


59>44 
60,41 

38 
62,36 

53.33 
64,31 
65,28 
66,26 
67,23 
68,21 


.44j76,97 
17,66177,95 

17,8878,92 


18,10 
18,32 


79,90 
80,87 


20,'jft 


21,22^97,63 

2i,43|98,6i 
2 1,64(9  9. 5  8 


101, 


I05»5 
106,5 

1VS7J107 


,6  23,c8'io8,5 
23,29|io9,4 
23,49|no,4 
23,7°|iii,4 
23>9IJii2,4 
24,  I2ji  1 3,4 
24,33jH4>3 
24>53  H5»3 
H,  74jn6^ 

Lat.  I  Dep. 
lin" 


22,07 
22,28 
22,49 
22,70^ 
22,92 
23,13' 
23,34? 


I 


100,6 
101,5 

102,5 


88,76 

89.73 
90,71 
>9i,68 
20,56192,66 
2o,78|93,63 
2,1,00)194,61 
2I,2i|9S,59 
%I>  4339  6, 5 

2i,S6f98,5i 
22,08*99,49 

22,29!IOC,5 

2,5i|ioi,4 
22,738102,4 
22,94|io3^4 
23,162104,4 

23»38|I05.3 
23>59|lo6,3 
0 1*107,3 
24 


18,5481,85 
82,82 
83,80 
34,77 
=  5.74 
86,72 


Dep. 


15  Min.    1    30  Min.    8    45  Min. 


Lat. 


5,97j69,ii 
:6,20|7c,g8 

6,4287 1,06 
:6,65|72,o3 

6,87873,00 

7,10173,98 
74,95 


>,45 
18,67 

8,90  81,76 
82,74 
83,7i 


85,66 

86,63 

,6 


89,64  20,69 
90,62  20,92 


2i,63]9S>49 
1,85^6,46 

2J^2Z 9_Z?44 
22,2998,41 

22>5Z99.39 
22,73hoo,4 
22,958101,3 
23,171102,3 
23>:'9ho3,3 
23,628(04,3 
23,84:105 


Lat* 


>3 

II4j2 

25,04' 115,2 
25,25  n6,i 
46  ij2> 


Dep 


24,67  ii 


45  Min.    •    30  Min 


25.3 

25.54 

25.76 

Lat.  I  Dep. 


24,061 
24,28 

24>5° 

24,72 

24,94, 
25,16; 

25,38i 
25,60 
25,82 
26,04 


Min. 


22,27 


8S,58 

39,55 
90,52 

9X,50 
92,47 
93.44 
94)42 
22.04|95;39 


60,29 
61,26 

62,2-^ 

63,20 

[3164,18 

5,36;65,i5 
5,S5'66,I2 

5,82167,09 
6,0468,07 

9,04 

70,01 
70,98 
71,96 

72,93 
73.9° 
74.87 
75,35 
76,82 

78,76 

79.74 
80,71 
81,68 
82,65 
83,62 
84,60 
3  5,57 

..    '!  86,54 

2f._6Jl87>5t 

20,86 

2I,oS 


Dep.  i  Lat. 

«4,24|59.25 
14,47160,22 
14,71161,19 
f4,94;j62,i7 
I5,i7p3,i4 
15.4J|64,H 
1 5,64*65,08 
i5,88J66,o5 
16,11(167,02 

16,58568,97 
16,81 69,94 

17.04  70,9 ' 
17,28  71,88 

17,  ;i  72,85 

17.74  73. 82 

I7.9S  74,79 

lS,2I 


7  m77 

8,44|76,74 

#7.7 J 


96,36 


22,49  9_7_,34 
98,31 
99,29 
100,3 
101,2 

23,621102,2 

23.84!i°3,2 
24,071104,2 
24,29!  1 05, 1 
4,521106,1 
24,748107,1 


22,23  94,32  22,65|94,22 
22,46]95,29  22,SSj95,i9 
22,69196^26123,11190,16 

23j35197,i3 


115,0 


26,26]  116,0 
1 17.9 


;  Dep. 


26,54 
6,77 


16,993116,8 


49 
46 
90,43 
91,40 
92*38 
93.55 


Dep. 


:6,64J  jo 
7* 


21, ci  87,42 

27, I4  88> 39 
11,48189,36 

21>7i|90.34 
2l.95|9IJ3I 
22,18192,28 

22,41893.25 


^92597,24 
23,1*5198,21 
23.38  99.18 

23,6lho0,2 

23,84^101,1 

24,07ho2,I 

24,30*103,1 

24,52|I04,o 

24,75l,05.o 
14,981106,0 

25,2l|l07,C 

5,441158,9 


23.58l98 
23,8i|99,o8 

24,051100,0 


25.67 
25.90, 
26,13 
26,36 


Min 


Lat.  i  Dep 

4S  Min 


109,9 
110,9 
111,9 

112,3 

26,59 113,8 

26,82  1  >4,8 
^,05 

7,27 
27,_5_o_ 

Lat.  jj  Dep.     Lat. 
1     30  Min. 


"6>7 

U7>7 


25.91 

26,151^9*8 

26,3S|no,8 

36,6ijni,7 

26,355112,7 

i7,o8|it3,7 

i7.3III14.6 


27,55 


'-7.78  U  lS>6 


14, 


77  Degrsss 


76  Decrees 


322 


TRAVERSE 

14  Degrees 


TABLE,    7I2< 

15  Degrees 


75  Degrees 


74  Degrees 


I 


T  R  A  V  ERSE 

14.  Degrees 


o  Mm. 


15  Mm. 


.at. 

,13 


,:4l 
,01 
,98 

>92 


',»3 

Lk 

l»77 
»74 

,63 

Us 

,62 


Lac. 


•Pep. 

'r4,76'59,i2 
if,ocj,6o,0Q 
15,14161,06 
15,4s  62,03 


15.72 

*5»97 
t6,zi 
1 6,4' 
16,69 
16,91 


17,4 

17,66 

17,90 

18,14 

18,39 

18,03 

18,87 

19,11 

jt9»3S 

19,6 

:I9-84 

j20,o3 

20,32 


.39 
.36 

>13 

.3° 
.27 
,24 
,21 

,iS 

'5 
>« 

09 
1,06 

|03 

»4,97 
:J  .94 
»*  0,9 


«>°5 
21,29 

*i,53 

1,77 


i 


22,01 
22,26 
22,50 
22,74 
22,98 
23,22 
23,4- 
3.71 

23,95  .. 
24,19  96,92 

97,89 
98,86 


'.9 

z 

3 

4,8 
5,8 

M 

17.7 
18,7 
9 
0,6 

1.6 

3 

4i5 
'5.5 
6,, 


63,00 

63,9; 
64.94 

6^,91 

66,38 
67,85 

68,82 
69,78 
70,75 
7'-72 
72,69 
73,66 

74,63 

75,60 

76,57 
77,_5_5 

78,51 
79.48 
80,4 
81,42 


20,56182,38 

23.35 


32 

85.29 
,26 
87,23 

20 
89,17 
90,14 
91,11 
92,08 

93>°5 
94,02 
94,98 
95.95 


24,45 
24,68 
24,92 
25,16 
25,40 
25,64 
15,88 
26,13 

26.37 
26,6 


99.83 

100, 

101,8 

102,7 
•03,7 
104,7 
105,6 
ro6 


26,85 

17,09 
7,34 

27,58 
7,82 

28,06 

28,3c 

28,55 

28,70 

29 


Lat. 


o  Min. 

'6  Deg. 


107,6 

108,6 

09 

110,5 
in, 
112.4 
113,4 
"4,4 
"5*3 
116,3 

DepT 


Dep. 

5, "01 
5,26 

5.5i 

5,7 

6,oo 

6,25 

6,49 

6,74 
6,98 

7. 


__3 

7,4 

7,72 

7.97 

8,22 

8,46 

8,71 


9,20 
9,45 


9-94 
20,18 
20,43 


30  Min.    I    45  Min. 


Lat. 
59,06 
60,02 
60,99 
561,96 

62,9  3 
63.9- 
64,87 
65,83 

66,80 

62iU 
68,74 
69,71 
70,67 
71.64 
7.2,61 

73,5s 


8,95  74,5 


75.52 
76,48 


9,69  77.45 


Dep.  I  Lat 
I5.27|58,99 

i5,52|S9,9e 

*  5,77160,92 

16,02161,89 

16,27162,86 

16,52563,8 

16,78164,79 

J7,c3|65,76 
17,28166,73 

]7  >  5  #7, 69 
i7,78|68,66 
18,03^69,63 
i8,28[7o,59 

i2,53|7r,56 
'8,7872,53 
f9,°3|73,5c 
19,28174,46 


Dep. 

I57?3 
15,78 
16,04 
16,29 

l6,55 

16,8 

17,06 

'7,3X 
•7,57 
17 


78,42 

79.39 
80,36 
20,68ft 1, 32 
20,92*82,29 
2i,i7{83,26 
21,41)84,23 
1,66585,20 
1,91186,17 
22,15187,13 

22,4o|S8,IO 

22,65189,07 
22,89*90,04 
23,i4]9i,oi 

23,38|9i,97 
2^63192,94 
23. 88193,91 
24,12194,88 


24,37 
24,61 


24,86 
25,11 

25,35 
25,60 
25,86 
26,09 
26,34 
26,58 
26,83 
27,08 


27,32 

27,5 

27,8 

28,06 

28,31 

28,5 

28,80 

29 

29,29 
29,^3 

Lat. 


45  Min. 


95,85 
96,81 

97,7s 
98,75 

99, 71 
100,7 

ioi,7 
102,6 
103,6 
104,6 
,6 
100,5 

107,5 

1 08, 4 

09.4 

110,4 

/  ">3 
112,3 


"4,2 
115,2 
116,2 
DepT 


'9.53 
19,78 
20,03 

20,28 
20,53 
20,7s 
21,03 
21,28 

21,53 
21,78 
22,03 
22,28 
22,53 


75,43 
76,40 

77,_3j> 

78,33 
79,3° 
80,26 
81,23 
2,2c 
83,17 
84,13 
85,10 
86,07 
87,03 

00 

88,97 
89,94 

fco,9 
9 


22,78 
23,03 
23,2! 
23.54 
23,79 
24,04  92,84 


24,29 


27,79 


28,29 
28,54 
28,79 
29,04 
13,3  29,29 


29,54 
29,79 

.0,05 

Lat. 


30  Min. 


,  93,8- 
24,54  94,77 
24,79  95,74 
25,04  96,70 

25 

25.54J 

25,7 

26,04 

26,29 

26,54 

6,79 
27,04 

J7 

2  7,54 


9  9S 


9  97,67 
98,64 
9,61 
100, " 
101, 
102, 

ic-3,5 

104 

105,4 
106,4 


107,3 


28,c4|io8,3 
109,3 
no 
1  fi,a 
112 
"3 


114 

"5,i 
Il6_,c 

De7 


TAB  L  E,    712. 

.15  Degrees 


3*3 


Lat. 


15  Min.    I     30  Min.    1    45  Min. 


Lat. 


Dep 

58,92ji5,79|58,85 
59,89]i6,05|59,82 
16,30160,78 
i6,s6»6i,75 
1 6,82162,7  j 
17,08  63,68 


60,8 

61,82 

62,79 

63,75 

64,72 

6  5,63 

66,65 

67,6 

68^8 

69,55 
70,5 ' 
7i,48 

72,44 
73,4 


17,60 


18, oS 
18,33 
18,59 
18,84 

19.09 
19,35    . 
19,60  74,38 


9,so. 
20,  II 

20,37 

20,62 

,88 

21, 13, 

21*39 


75,34 
76,31 

TL'll 
78,24 
79,21 
80,17 
81,14 

irSz,io 
83,07 
84,04 
85,00 
85,97 
86,93 
37,9o 
"»1 


23,17 
23.4 
23,68 

23,93 
24,19 

24,44 
24.70 


24,95  94,66 
95,63 
25,46  96,59 


25,71 


25.97  9M2 


26 
26,48 
26,7 
26,99 

27,24 
27,50 

7,75 


28,26 
28,57 
28,77 
29,02 
29,28 
29,53 
29,79 
30,04 

30,38 
Lat 


is  Min. 


89,83 
90,80 

91,76 

92,73 

■)3,7c 


97,5 


99,49 

100 

101,4 

102,4 

103,4 

104,3 
105 


8,oi|io6,3 


I07. 
108,2 
109 
no 
11 1 


Dep.  I  Lat. 

16,04158,78 

'6,3i|59,74 
16,5760,7 


7,34J64,64 
'  65,60 
66,57 
s_7,53 
6S,5o 
18,63169,46 
18,89170,43 

i9»I5|7i,39 

I9,4l372,36 
73,32 
74,29 
75,25 

20,45^6,22 

20,71 

20,96 


16,8 

■7 

17,36 

17,6 

17,89 

18,15 
18,41 

,°7 


9,67 
19,93 
20,19 


Uil 
78,15 

,1,22  79," 
21,48  80,08 


21,74 

22,00 
22,26 
22,52 
22,78 
3,03 

3 


23,55 

3: 

4; 

24,33 

24,59 

24. 

25 

2.5. 

25,62 


20,14 


27,95 
28,21 

28,47 

,73 
,28,99 
29 

9,5o 
29,76 


II2,0[30,02 

3,oJ3°,2 
"4,030,54 
"5,9  3o,8o 
116, 9*31,06 
Dep.  I  Lat. 

o  Min. 


81,04 
82,01 
82,97 
83,94 
84,90 

85,87 
8_6,S_3 

87,80 

88,76 

89,72 

90,69 

91,6 

92,6 

93,58 

94,55 

95,5 

96,48 


97,44 


26,4c  98,4 

26,06 

26,92 

27,12 
27,43 


99,3 
100,3 

.'°i,3 
102,3 


27,09  103,2 


i°4,2; 
105,2 
106,1 


107 

108,1 

109,0 

tio,c 

III 

112,9 

113,9 
114,8 

"5,8 
116,8 

Dep. 


61,67 
62,64 

63, 
64,56 

65,53 
66,49 

-Zit5 

68,42 

18,94169,38 


'9 

19,46 

19,73 

19,99 
20,25 

20,52 

0,78 

21,04 

3 

21,57 
21,8 
22,09 
22,36 
22,62 
22 
23 
23,41 
23,67 

23,94 
24,20 
24,46 

24,73 
24,99 

25,25' 
25,51 
25,78 
26,04 
26,30 
26,57 
26,83 
27,09 

27,35 

27,62 

27,88 

8,14 

.28,41 
28,67 

28,93 


9,20 
29,46 
29,7 
29,98 
30,2 
30,51 
3°»77 
31,04 

3i,3o 

liii6 

Lat. 


/  > 


<    L>itt'Cci> 


I 


45  Min. 

Tt  2 


70,34 
31 

72,27 

73,24 
74,21 

75,x6 
76,13 

77,09 
78,05 
79,01 
79,98 
80,94 
81,91 
82,S7 

83,83 
84,80 
85,76 
8_6,23 

87,69 
88,65 
89,62 
90,58 
9i,54 
92,51 
93,47 
94,44 
95,40 
96,36 


97,3 
98,29 

99,25 
100 

101 

IC2 
103,1 

IO4 

105,0 

106, c 

107,0 
107,9 
108,9 

109,9 

1 10,8 
111,8 
112,7 
"3,7 
n4,7 

Dep. 


Dep. I  Lat. 
16,3058,71 

i6,57l59,67 
16,84^60,63 
i7,ioj6i,6o 
i7,37[62,56 
17,64^63,52 
17,90»64,48 
i2,i7l65,45 
18,44166,41 

f_8j7_i[6J7,37 

18,97168,33 

19,24169,30 

i9,5i|7°,26 

19,7817  T,22 

20,04172,18 

20,31  73,15 

20,58 

20,84 

21,11 

2_i,38 

21,65 

21,91 
22,18 

45 
22,71 
22 

23*25 
23,5 
23,78 
24,05 

24,3 

24,59 

24,85 

25,12 

25,39 

25,65 

25,92 

26,19 

26,46 


Dep, 


16,56 
16,83 
17,10 
J7,37 
17,64 
'7,9» 
18,19 
18,46 
J8,73 


61 

6s 

6? 
64. 

65 

6  to 

67 
68 

69 


19,00    7° 


19,27. 

19,54 
19,82 
20,09 
20,36 
20,63 
20,99 
21,17 
21,44 

zhll 
21,99 
22,26 

79,38|22,53 
80,85  22,80 
81,8123,07 
82,7723,34 
83,73.23,6i 
84,70:23,89 
85,66  24,16 
86,62  24,43 

87,11 


74," 
75,07 
76,03 

77,00 

77,96 
78,92 


38,55 
89,51 

90,47 
9i,4k8 
92,40 

93,36 
94,3s 
95,2.8 
26,72  96/25 
97,21 


26,99  97,21  27,42  ip 
27,26  98,17  27,69  I0 
27,53  99,^3  27,96:iP 


27,79 
18,06 
28,33 

59 
28,86 

29,13 
29,40 

29,66 

29,93 
30,20 
30,46 
30,73 


100,1 

101, 

102,0 
103,0 

l03,9 
104,9 
105^9 

106,8 
107,8 
108,8 
109,7 
110,7 


31,001111,6 
31,271112,6 

31,801114,5 

Lat.  3  Dep. 


71 
72 
73 
74 

7s 
77 

7S 

79 
80 

81 
8t 

83 

84 

85 

86 

87 

83 


24,70 
24,97 

25,24 

25,52 

25,79 
26,06 

26,33 
26,60   9* 
26,87 
27*14 

27,42 


9^ 
91 
9* 
93 
94 
95 
96 

97 


99 
loo 


1.0  r 

oz 

3 

28,23jl04 

28,5o'ip5 
28,77106 
29,P4T°7 

29,32  IoS 


29,59 


29,86:  no 


30,131m 

3°,4o 
30,67  j  1 13 

30,94 
3J,2i 
3i,49 
3J,76 
32,03 
32,3° 

Lat. 


30  Min.    j     15  fc"n- 
74  Depeej 


109 


"4 
H5 
n6 

"7 
US 

"9 
120 

a 


Dl  i  6  Degrees 


TRAVERSE    TABLE,     712. 


H I     o  Min; 


Ii'  Min. 


17  Degrees 


6.73 
7.69 
8,65 
9,61 


29i  27,38 


4q 


50  4.8,06 

49>C2 
2  49,99 
""5o,9S 

5Mi 

5=,87 
56J53»»L 
57;|54.79 
58,55,75 
.59  56,7! 
6oJ57,_6_8 

CfJDep, 


Lat.  j  Dep.  I  Lat. 

0,961  0,388  0,9' 
1,92;  o,5i|  1,9? 
2,8S|  0,83*  2, 
3,84'  J,ic|  3, 
4,80  i,38|  4,8c 
5>77  I»65l  5,7t 
1,93!  6,72 

2,2l2    7,65 

2,48"  8,64 
a,76y  9,6c 

3»°3|IO»S'': 

3, 5  8|  12,4? 
3,86|i3,4.-; 
4,13814,4c 


10, 1 1- 
6,06-1,12 

-  '  22,oS 
23,04 
24,00 
24,96 

7,44|25j92 
6,88 

7,84| 
8,  So 

29,76 
30,72 
}i,68 
32,64 
33,60 
34,s6 

35,52 
36,48 

3^,44 
3_8,4c 

n>3o|39>36 
",58840,32 
11,85141,28 

I-?,l3|42,24 
I2,4r|43,20 

1 2,68l44,i  6 
I2,96|4s,i2 
'3.2346,08 
i3j5i|47,04 
i_3,78|4S,oo 

4,06^,96 

j4,33i49j92 
T4, 61)50,88 

I4,89]5I,84 
'5,i6r 

5»44  53,76 
'5,7^54,72 
•5,99:55,68 
16,26;  s 6,64 

Lat.  j  Dep. 


39,41 

4°>37 
4L33 
42,30 

43,26 
44. 

46,14 
47,10 


Lat. 


45  Mm. 
Lat.    Dep. 


0,56] 
°,8.}| 


3>°S;;iy,55 
3^36511,51 
3,04.12,40 
3,92^13,42! 
4,20*14,38! 

4>}8f*5>34 
4,76|i6,3o 

5,04|i7,2& 
5,32118,22 

iii^S— — 
5,8820,14 


Min. 


3,69812,45 

3.9*f<3.4i 

4,26114,36 
4,54|i5j32 
4,83116,28 
5,11  17,23 


3.     , 
3,46|u,48 

3»75| 


z3»94 
24,90 
*5,85 
26,81 

8>24j27,77 
28,73 


8,81  29,68 


9,72 
30,69 

3»>64 
9,51  32,60 

9»79  33>56 

IO,o7  34,52 
>35fi35»48 

10,63156,44 

ic»91|37j39  ">=8 

IJj'9|3s>35  2_^3^ 

11,05  39,26 
11,93  40,22 
12, 21  41,1 
'2,50(42,13 
'2,78J43,c9 
13,07144,0"; 

1*5/7  13>35{45>01 

|46,o2  i3>'J3|45,96 

146,98  13,9246,92! 

J47jQ4.  14,2047,8  s 

848,90  14,49  48>84 

1-9,86  14,78  49,79 

(50,82  15,05  50,75! 

j5i,78  15,34  SI,7lj 

15,62  52,67} 

1 5,9 1  51,621 

l6^9  54,58j 

I0.47j55.54 
16,76156,50 

H'J^57_>45' 

'  Lat.  I  DepTl 


Oct 


o  Min.     g    4?  Min.    B    ^c  Min. 


o,38|34>43 
35/38 
3ft,34 

',24  J37,3° 
58,25 

1,82 


3>55|44,9' 

3.83|4=;,90 

4>  1  2»46,  8  6 

4-4j^47.£2 
4,7oj48',77 
4>98;49'73 
5,28,50,68 

^,56  0,64 

5j   8  5'    52,60 

6,1453,55 

6,43'  54.5* 
6,72;55,47 
7,oo»56,42 

LatTjj  DepT^ 
in.    1     o  M 


_5,8j  19,10 
6,14  20,06 
6,4321,01 
6,72  21,97 


9>°5 
9^4 


32,47 


»2s  33.43 
o,53  34,3 
°.82J3  5,34 

I,!  1136,29 

'.40J37.25 

-—  I- 

T.99l39>l6 

2,28(40,11 


46,80 
47.75 
48,71 
49,66 

50,62 


5.79 


5i,57 
52,53 
53.48 
54*44 

5^39 
56,3  5 
7,5_4l57>_3° 
Lat.     Dtp. 


SB  74  Deg. 


75  Dc 


3c  Min.    J    45  Min, 


Lat. 


°>3 

o,59 
0,89 
1,19 

1,48 
1,78 
2,08 
2,37 
2,*1 7 

3.26 

3»5*l'x>45 
3,86|i2,4o 

4,'5J;~.3i 
4,45iI4,3i 


Lat. 


7,12122,89 

7>4'Sa3 
24,80 

25,7 
26,70 
27,61 
28,61 


9.*9 
9.49 
9.79 

0,08 
:o>38 
0,68 


29.5 

30,, 2 

3 '.47 
32,42 

33.38 

34.33 
97  35.29 


3J©5|4'>9b 
3,34E42,92 
3,64  43.87 
3>94  44,8, 
4,234^78 
4- ^'46,  3 
4.8_3  47,69 

5,12  48,64 
5,42?49>59 

5,72' 5o,55 
0,01151,50 

6,31152,46 
6,61:53,41 
6,9o|54»36 

7,2055^32 

7, 50J  5  6, 2  7 

_7_,79'57,22 

Lat.  ft  Dep. 


-.20,C0 

6,02'2o,95 
6,92221,91 
7,22122,86 
7,S2?2  3,8i 
7,82124,76 

8,12*25,72 
8,42126,67 
27,6a 

s9,52 
30,48 
43 
32,38 
33,33 
34,29 
35.24 
36,19 
37.14 
38,10 


3,23541,91 

86 

3J43.8i 

"  44  7b 
4,43  45.72 
46,67 
47,62 

5.34|48,57 
:>,  64J49.53 
5,94  50,48 

6,2451,43 
6.54J52.38 
53-34 
54.29 
55,24 
S6,'9 


Min. 


Min. 


57,'4  l8>: 


Dep. 


U< 


15  Min. 


-11  Decrees 


TRAVERSE 
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17  Degrees 


325 


1  Win. 


I  5  Min.    ,|     30  Min. 


Dep.S  Lat. 

ff>b9J'59»S2 

17,36860,43 

17,^4 161,44 


18,74  6  ,-,28 
66,24 

67,20 

,16 
69,12 

70,08 
71,04 
72,00 
72,96 

73>92 
74>38 

75>84 
76,80 


22,33§7T,76 

22,6c|78,72 

22,88  79 


43,7i  32,56 

23,9s 

24,26 


Dep  S,  Lat 

C7,o7|5S,49 

[7,35{59'45 
17,63360,41 
17,91161,36 
—  62,32 


i9,°3 
19,31166,16 


22,67 


37,37 
SS-,33 
S9,29 
90,25 

26,19^9 1,2 1 

26,4689 

26»74J93,T3 
27,ol§94,09 
27^2989  5,05 
27,56896,01 

27,84^6,97 

28>*2  97,93 
28,3998,89 
28,67199,85 
28,943100,8 

29,22]l0I,3 

29>49; 

29;77j 

30,05 
30,32 


67,12 


68,08 
69,04 
69,99 
2°,7I  7°,95 
7i,9i 
72,87 

73>83 
74,79 
75,75 
76,71 


77,67 


22,95  78,62 


! 89,17 
90,1 
9X,"9 
92,05 
93,01 
9<»97 
94,92 
,.95,  S3 
28,26396,84 

28,S4|97, 
28,^2098,76 

29,IC[99»72 

29,383100,7 

9,6t|ioi,6 

9,941102,6 

30,22 

30,78 


32,46 
32,74 
33 
33,3c 

31,5S 


Lat.    Dep.    Lat. 
vim. 
2  -L^etr 


45  Min. 


D 


45  Min. 


Mm. 


Lat. 


i3,75|63,20 
9,03(64,16 

19,3  46s 


19,61 


66, 


07 
19,88  67,03 

67,79 
63,95 

69,90 

70,86 

71,8 

72,78 

73,73 
22,15  74,69 
22,4475,6 
22,72  76,61 

23>01  77,56 
23,29  73,5 
23,57|79,48 
23,86180,44. 
4,i4|8i,4o 
24,43p,35 

24,7I|S3,3i 
24,99184,27 

25,2S|Sr,22 
86,18 

87>i4 

88,10 

89,05 
26,7o|  90,01 


Ul 


Lat. 

.    P"»33 
i7,i>7  59,29 


20,17  66,94 
•^  67,90 
68,85 
21,04  69,81 

7°,77 
71,72 
72,68 
22>»9  73>64 


4,79  82,24 


28,69  96,72 

8>97  97,67 
29,25898,63 

29j54|99,S9 

29,^2|!00,5 

101,5 

3°,  3  9 
30,67 


102,5 

103,4 

s0^6!  104,4 
31,24  105,3 


Lat. 


;eP, 


28,24]  93 


28,53 


94,67 
95,63 


,69!  98 


Lat, 


30  Min. 


tvlin, 


.60,17 
61,12 
i9,oc|62,o8 
63,03 
63>99 
j54>94 
65,9- 
66,35 

071,81 

5  68,76 
69,72 
70,67 
71,6 
72,58 
7h  54 
74,49 
23,1075,45 
—'J  9876,40 

23,6sl77,'36 
23,98»7S,3i 

34,2  7 179,2  7 

24,56|8o,22 


28,36 
28,65 


96,59 
97,54 
50 
99,46 
100,4 
101,4 
102, 
103, 


106,1 
107,1 
108,1 
109,0 
110,0 
111,9 
112,9 
113,8 
%i  14,8 
"5,8 
DepT 


29,53 
29,82 

3 

30,4: 
30,70 

3°,99 

31,28 

1,58 


28,07  9i,68 


92,64 
93,59 


28>94J94,55 
29,24895,50 


3^,50  103,1 
31,87  [104, 1 


32,16 

32,45 
32,75 


106,0 
107,0 
33,04|io8,9 
33,33!  109,9 
110,8 
111,8 


35,o8hi5,6 
Lat.  J  Dep 


30  Min. 


i8,34J58,io 

59,°5 
60,00 
60,95 
61,91 
62,86 
6],  81 
64,76 


6,76 

67,71 

5  68,67 

69,62 


21,05 

21 

21,65 

2  r,  94170,5  s 


13,i6|73,34 
2  3, 46i74,2  9 


24,02|77,25 
24,32i7S,2i 
24,bi|79,T6 
24,9ipo,ii 

25>2i'3i,c7 
25,5c!82,<T2 

2  5>  sop  2,9  7 
26,1c  83,93 
26,39 
26,69 

6,99jS6,79 

27,28:87,74: 

27,58|88,7o 

27,88189,65 

28,17  90,60 

28,4791,56 

28,7692,51 

9,o6|93,47 
29,36j94,42 
2^9,65  95,37 

29,95  96,33 
3°,z5i  97,23 
30,54,98,23 
30,8499,19 
3 1,14!  100,1 
31,43]  101 
31,73  102,0 
32,03  103,0 
32,32]  104,0 
32,62  104,9 


•3,90:;  62 
;;>2s  63 

J9,5iji  64 
I9,S2C  65 

4  66 

2o,43f  67 

20,7  3|  62 

J,o4;  69 

_  '*'34j  70 

35  67,6221,65;  y^ 

95'  7s 

21,95  69,53  22,26;  73 
70,4822,56'  74_ 

7i,43  22;S6|  75 
72,3823,17}  76 

23,7ol75>24|24,o8L  ?9 
H>9%6»i9|a»y3,9J  80 

4,36i77>i4  24,69!  81 
24,66|78,io25,co|  8z 

24,96l79,°5!25,30j  83 
25,26|So,ooJ25,6i|  84 
25,56130,95,25,911  85 
25,S6|Si,9i|26,23|  86 
26,16  S2,86  26,52JJ  87 
26,46  S3,8i;26,83    8S 


32,92 

33,2i 

33,5 

33»8i 

34,  ic 

34,40 

34,69 

34,99 

35,29 


105,9 
io6,3 
107,8 
108,7 
109,7 
110,6 
1 1 1,6 
112,5 
iJ3,5 


27,67,87,62 
27,9788,57 
28,27  89,53 
28,57  90,48 
28,87  9i,43 


Lat.  §  Dep.    Lat,    Dep.    Lat 


100,0 
101,9 
102,9 
[03,8 
:o4,8 


31,58  100,0 

31,88 

32,18 

32,48a 
.     78 

Mil8 

33,38 
33,63 

33,98 
34,28 

34,58 
34,88 

35 
35,48 

35,79 
36,0 


29,65 
30,18 
30,49 


73  iJe&vtes 


o  Min,     j    4.5  Min.    I    30  Min. 

I  72   Degress 


1 5  iVun. 


32& 


T  R  AVER  S  E    T  ABLE,    712. 

18  Degrees: | ig  Degrees 


45  42,80 
<6  4.3,75 
47  44,70 
4s  4^65 
49  46,60 

5i  48,50 

52  49*45 

53  50,41 
5451,36 
5552,31 
5&  53,26 
5754,21 
53  55,16 
59}56,u 
60*57^ 

;?3    o  MTn 
•  »J- 

nl 
a  I 


T  R  AVER 

iS  Degrees 


TA.BX.Ji    712, 

19  Degrees 


5: 

54 
5  if 
56 
57! 
58 

SSI 

6< 


16  20,52156 
o  ivijn.     I     ,15 

70  Deer, 


TRAVERSE 

20  Degrees 


TAB  L  E,    712. 

I  21  Degrees 


©  Min. 


.at.  I  Dcp. 

5,1421,89 
■1,08-28,23 

i'.,02  2  2,5 
1,96 


15  Min.    J    30  Min. 


Dep.  I  Lat.  |  Dep. 
1,7,23  2ijii|s7,i4Jii,36 


24,97168,49 

*:j3iI69j43 
[70.36 
71,30 
2,24 

26,68|73,i8 
74,12 
75,o6 

75,99 
76,93 

77,87 


■93p8,73 


63|3°»44|83,5o 
1'573°,73 
5MI;I2 

3i,47 
31,81 
32,1 

3a,49 
32,8 

33,i8 
33,52 
33,86 
34,2c 


►i,8 


3  iP. 


37,96 
38,31 
38,65 
38,99 


21,461,8,07121,71 157,98 


21,81359,01:22,06 
22,15 
22,50 
2,8461,82)23, 1 1 


o  Min. 


57,04 


58,91 


59,95  22,4i|59,8s 


23,i9 

23,54 
23,88 
24>3 


62,76 
63,69 

64,' 
65,57 


24>57J66,5o 

67,44 
68,38 
69,31 
70,25 

*9 

72,12 
73,06 
74,00 
7J»9_3 

75»87 
76,81 

7,74 
78,68 
79,62 

^0,55 
'i,49 
82,43 
83,36 
31,'  5|84,3o 


Dep. 


31,50 
31,84 
32,19 


24 
86,17 
?7»« 


34,54 
34,89 
35,23 
35»57  97,57 
5i 
99,45 


33,92 

2,88|34,27 
|9_3_,82  3_4,^ 
94,76  34,96 
9S7o!35,3o 
96,63 


32,54  38,05 
32,88  " 

-  S9,92 
33,57|9o,86 

"'9i,79 

2,73 

93,67 


94,6o 
9^54 


35,9i 

36,25 

36,60  100,4 
101,3 
102,3 


36,94 
37,28 
37,62  103,2 


105 

'06,0. 

107,0 


|35,65!96,48 
36,oo|97,4i 

36,34J98,35 

36.69199,29 

37^41100,2 

37>38 

57,73 

3j^£7  ?_03^o 

38,42;  104,0 


39a3iI07»9 
39,67  108,8 
109,8 


41,19 


Lat. 


DeS. 


45  Min. 


40,841  1 1  o,  5 


111,5 


41,^3  112,4 


Dep, 


3°, 
31,47 


26,62871,07 
26,9-|72,oi 
27,3i|72,94 
?7,67l73,8S 
21^°2J74,'" 
28.1,  75j?5 
76,68 
77,62 
78,55 
79,49 
80,42 
81,36 


3^82  82,29 

"3,23 
84,16 


31,17 
3352 

3I,87|85,io 
32,22§86,o3 
32,57|86,97 
32,92|87,9c 
33,a7|88,84 
33,62189,77 

33,97|9c,7i 
3  4,32|9i,64 
34,67692,58 

35,37|94,45 
35,72{9  5,39 
3  6,07(96, 3  2 
36,42197,26 

36,77|98,i9 
37,12199,12 

37,47Poo,i 
37,828101,0 
38,i7|ioi,9 
3J, S3  '02,9 
38,87Jio3,S 


39,22 
39,57 

39,92 


40,27  107,5 


104,7 

*Q5.7 
106,6 


3,74 
24,09 

24,4 
4,8c 


23,38  61,62 

52,55 
63,48 
64,42 

65,35 


66,2b 
67,22 


a7,28|7i, 

-7.63|72,32 

73,75 
74,69 

75,62 
76,55 
77,49 
78,42 

79,35 
80,29 
30,82  81,22 
31,1882,15 
3^53  83,09 
3f,_89|8_4,o 
32,24|84,96 
32,bo|s5,89 
32,95t86,82 
33,3  187,76 
33,6  |S8,69 
34,oi|89,62 
34,37|9o,56 
3  4,7289 1,49 


35,o 

35,43 


94,29 
•195,23 


36,49196,10 
3  6,8  5  J 

37,2o 

37,56 

7,9J 


3* 

38,62| 

38,97' 


39,33 
39,68 


4o,o4jjio$, 
40,39 
4o,74 
4.1,10 

41,45 
41,81* 
42,16 
4.2,9 
Lat 


30  Min.    i    15  Min. 


92,42 


0,52 
26,88 


15  Min.  Jj     30  Min.    I    45  Min.    I 


Lat.    Dep.  J  Lat.    ^f P^ I i^il | J£.e £ 


3  5,44 
25,80 
26,16  68,04 


68,97 
9,90 


27,24870,83 


9,03 
9,39 

29,,75 


9*>34 
92,27 


35»TI 
35,4 
93,36  35»M|93,2C 
36,20 
3.6,55 


97,09 

3 
98,96 

99,89 
100,8 
101,8 
102,7 


103,6 
104,6 


Dep. 


37,27j 
37,63 
37,991 


,49 
76,43 
77,36 


30,1078,29 

30,46 
30,82 
31,16 

3i,f4 
31,9c 
32,25 
32,61 

97 

33,33 
33,<>9 
34,04 
34,40 


22,11156,76 


25,73_ 
16,10  06,99 
26,46 
26,82 
27,18 

7,55 

7,9 
28,27 
28,62 
29,00 
29,36 

9,72 


67,92 
68,85 
69,78 
70,71 
71,64 
72,57 
73,5° 
74,43 

75,37 
76,30 


30,0877,23 
3o,45|78,i6 
3o,8ij79.o9 


2,36156,06 

22,73157,59 
23,09l58,52 
23,46|.9,44 
23,82160,37 
24, 1986 1,30 
24,56162,23 
24,92163,16 
25,29164,09 
25,66865,02 

26,02165,9 
26,39806,8 

26,76  07,80 


84,81 

85,75 
86,68 
87,61 
88,54 
89,47 
34,76  90,41 


94 
95,06 


36,92  96,00 


96,93 
97,86 

98,79 


38,35J99,73 
38,708100,7 
39,o6jioi,6 
39,42  102 


39,78 

40,14 

4.0,50 
+0,85 
41,21 
4i,57 
4r,93 
42,29 

42,65 

11  _ 
Lat.  I  Dep 


133,5 
104,4 

'05,3 
106,2 
107,2 
108,1 
109,0 


110,9 

1 1 1,8 


3i,i7 
3i,53 
3^89 
32,26 
32,62 


80,02 

8o,95 
'81,88 

82,81 

83,74 


32,98 


36,61 


84,67 


3  3. 3  5] 8  5,6o 
33,7186,53 

34>o7  87,46 
34,43' 88,39 

34,8cj  89,32 


36,22  93,04 


93>97 


36,97194,9'-' 

37.33f95.83 
37,70196,76 

38,06897,69 
38,42898,63 


38,78 


39,14  ioo,5 


39,51 


99,56 


101,4 


39,87  102,3 


36,65 


7 -',23 
76,16 

77,09 
78,02 

78,9 
79,8 
80,81 

74 
82,66 
h,^9 


33,35  84, 5 

85,45 

>3 

$7,3 

88,24 

89,17 

90,10 

3",92J9I,02 

36,2891,9 


92,88 


37,02|93,81 
37,38|94,74 
37.75f95.67 
38,12296,60 

38,48197,53 


38,85 
39,22 

39,yg 
39,94 


40,23 

4°»59 
40,9  6f 

4i,32Bio6,i  41,78 
4i,68|iC7,cJ42,i5 
42,041107,9  i2'51 
42,4i|ip8,9  4z,88 
"  43.*5 


98,45 
99.38 
100,3 

5.01,2 


40,32(102,2 


103 
104,0 


40,68 
41,0 

"  105,9] 
106,8 


3»35 

3.72 

24,09 

24,46 
24,83 
25,20 

2<,57 

2J_,94 

26,31 
26,68 

7,05 
27,42 

a7,79 
28,16 
28,52 
28,90   7$ 


30,02 
30,39 
3C,7 
3M3 

3f 
3i,87 
32,24 
32,6 

32,9 
33,3 

33'7 

34,09 

34,46 

34,83 

35 

35,57 

35,94 

36,31 

36,69 

3-7,06 

37,43 
37,.89 

38,17 
38,54 
38,91 

39,28 

39,65 

40,62 

4°>39 
40,76 


110,0  42,77|io9?8 


Min. 


P9  Degrees 


43,13111.0^7  43«61 
43.491  lJJ±L  H'i° 
Lat'.  j  Dep^   Lat 
;  mItT  I  *7o~Min~ 

'"'  '  '•'    68  degrees 


41,,  13 
41,  <.< 
41,87 

42,24 

42,61 ' 

42,99 
43»36i(IJ 
43,73  ,x 
44,1c 

4_4>47 
Lat. 


3^,94 
39,^7 
4-4  4°,8o 
45  4*»72 
4"  4.2,65 
47  4.3,58 
4844,51 
49  4-S.43 
5°.  4^,36 

5*47, 


52 


54 

55 
56 
57 
58 

59 
6 

O 


9 
48,21 

53  49»i4 
50,07 
51,0c 
51,92 
52,85 
53,78 


Dep.  I 


37,95 
38,87 

39.8 

..  .7? 
16,86  4,1,65 

17,23  42,58 
17,61  4.3,50 
17,98  44,43 

l8»3645>35 
18,73  46,28 

19,"  47,20 
9,4848,13 
9,8649,0, 

20,23  4.9,98 

20,60  50,90 
5M3 

1J>35  52,7rt 


17,80 
i*,i8 


J7,42  42,50 


43,42 


»,  55|45,27 

_l93|4.6,i9 


^,73 


54,70  22, '0  54,61 


22,48 
Lat. 


o  Min. 
68  Deg, 


53,68 


5J»53 
Dep. 


45  Mm 


l6,45  19,66 

16,84  40,58 

17,22  41,50 

17,6c  42,42 

»7>99  43,34 

l8,37  44,27 

75,45,19 

li-'ii  ii'JJ 

9>VU7,*Ar<),5z  4.7,03 

'9,69,48,04  1 9,9o  47,95 

S  48,88 

66  49,80 

5  50,7 

2I'58|52,65  21,81  52,57 
2I'96tS2,S9  22,20  53,49 
"'34-54,^  22,58154,41 
2-i- 2|55, 43 '  z^>m5J>^ 
^fjJep.l  Lat.  I  Dep. 


i7,°2  40,50 
17,40  41,42 


17,79 
8,18 


>*7 
1,66 


42,34 
43,26 


18,56  44,  i i 
8,9545,11 


9,34  4_6_,°3 
'9,72  46, 
20,11 

20,50 


147,' 


17,58  41,35 
17,97  42,27 
18,3643,18 
18,76  44,10 
,9,i-5  45>°* 
x9>54  45,94 


22,43 
21  " 
*_3,2o 
Lat. 


50,63 

5^55 
04  52,46 


'9,93  46,86 
10,32(47,78 


48,79120,71  48,70 
20,88  49,71121,10  49,62 


Min. 


15  Min. 


53,39 
54,3i 

5_5>2_3 
Dep. 


21,49 

21, 

12, 

22,66 

23,05 

*3>44 


Lat. 


28,43i 

29,35 

30,26 

3i,iS 

32,10 

33,oi 

'4»6j|33,93 

15>c°\34>*5 

'5,4035,77 

'_5>7?  3j»6_8 

16,19  37'6o 

'6,59  38,52 

,6»97  39,43 

17,37  4^,35 

7,7641,27 

8,16  42,18 

18,5543,10 

,95  44,02 

'9,34  44,94  '9,54 

»9>9 


50,53 
5i,45 
52,37 
53,29 
54,21 

5_5if3 
Dep. 


20,92 
21,32 
21,71 

22, 1  j 
22,50 
22,9 

23,29 

23,6a 

Lat 


18,74 


11 'J4  il'l§ 

20,13  46,77 


17,944*, '9 
",34  42,1 


43,°2 


19,1443,93 

44,85 

I'll 
6,68 


20, 3  < 


20,53  47,69j2o,74|47,66 


48,60 
49,52 
5°,44 
5^36 
52,27 
53,J9 
54," 
55>°i 
Dep,. 


21,13*48,51 
2 ',5  3149,43 
2 1,9315°,  34 
22,33|5I,26 

22,73152,17 

3,i3|53,09 
23»53|54>00 
23,J3J54»92 

Lat.  j  Dep. 


67  Degree* 


o  Min.     I   45  Min.    1    30  Min.    I    15  Min. 


66  Degrees 


I 


22  Degrees 


o  Mm, 

I.  Lat.    Dep. 

-,6^622,85 

i;7,4923,*3 
[8,4123,60 

9,34  n> 


15  Min. 


56,46 
S7»38 
58,31 
59 

;'0»s7|24»35'6c'»I6 

jjii,i9!24,72 

|iz;i*J25,ic 

I  3,°5*5>47 
^3,98125,85 

pj  4,90  [26,22 

b6,76  26,97 
r  7,6927,35 
1 8,61  27,72 

»!9>54   " 
i  0,47  28,47 

fe  ,'39|*8,85 


9-7,16 
9,8,08 
9(9,01 

J',9,94 
${o,S6 

fcr,79 
10c  2,72 

k*i,3»65 

10:4,57 
1*5,5 
i«c  6,4.3 

Wi7,35 
16(8,28 
10;  9,2] 
l8ioo,i 

J  0(01, I 
I|C02,0 

11102,9 
11:03,8 

J  l<  04,8 
^05,7 
iito6j& 

'1(07,6 


tOep 
3 


4r,58 
41,96 
42,33 
42,7  * 

43,08 

43,45 
43,83 
44,21 

44,5s 

44^95 
1  Lat 


}»   o  Min. 

868  Dcg. 


»07,4!43,92Si07,2J44,39 
108,3'  44,3o]io8>  144,77 
109,244,631109,045,16 
iio,i45,o6]ic9,9  45,54 
iii,i;45,44ji  io,9|46,92 
Pep.'  Lat.  |  Pep. '  Lat 


4S  ivJin 


iic,3  47,3i|i^,o  W'Mlpz!!  ***2I| 

^•pT-  Lat.  j  nPjJL^^Pep-1  L.at: 
Min.    1  "^MmT"  1    1 1  Min. 


67  Degrees 


60  Degrees 


Uu  2 


f RAVERS 

24  Degrees 


o  Min. 


Lat. 


*5  Min.         30  Mim         45  Min. 


25  Degrees 


DepJ  Lat.-j  Dep^   Lat^  Dej^   Lat.    Dep 


*9> 

•4Z|20,I0 
11,01 

2I,93 

22,84 

23-75 
24,67 
25>58 
26,49 

27,41 


4>47jioi03 
4,88^10,94 
5,29gn,85 
5,69812,76 
6>I0jI3>68 

6,5i|i4,S9 
6'9I|i^,So 
7.32|16>4i 

7>73JI7>32- 

8>i4|iS^24 

8'54|'9,i5 
20506 
20,97 
21,88 

22>79 

23,7i 
24,62 

25,53 

,,26,44 

i»^  17,35 

.2,6?" 

13,02 

r3,4s 
13,83 
14, 
14,64 


28,32  i2,bi  28,25 
29,23  X3>°3U9 
30,15  r3,42  30,09 
31,06  13,83  3r,oo 
31,9714,14  31,91 
32,89  14,64132,82 
33,8015,05  33,73 
34,72  I5,4fi|34,65 
35,6315,86:35,56 

36,54  *2»j*7  3_6_,47 
37,46  16,68  J7, 38 
38,37  ^.o?  38,29 
39,28  17,49  39,20 
4-0,20  17,9^4-0,12, 
45  4.1,11  I3,3c|4I,o3; 
42,02  18,7  J|4i,94 


4,52|io,oi, 

4,93|JOi92: 

5,34|n, 

5,75112,74 

6,i&jI3,65 

6,S7jH,56 

6,98Ii5»47 
7,39|i6,38 
7,80:17,29 

8,2l[l8,20 

I9,m 

20,02 
20,94 
21,85 


8,63 
9,04 

9,45 
9,86 

[0,27*22,75 
to,6  8123,66 
1,09^4,57 

r>5°j25,48 
1,91126,39 

t2,73?2 
[3,I4?29,I2 

3'S5|3o,o3 

3,97(30,94 
'4,3831,85 
[4,79i32,76 

:5,2o[ 

[5>6iJ34,58 


o  Min.     r  15  Min.         30  Min.         45  Min. 


3,b3 


9,99 
10,90 
1 1,8 1 
12,71 

13^62 
^,53 
'5,44 
'6,35 
'7,25 
18,16 


0,42 
0,84 


Dep.    Lat.    Dep.    Lat.    Dep.    Lat.    Dep. 


9,97 


4-2,94 
*3.35 
44,76 
4-5,68 


S '846,59 

52|47.Si 
53|48,42 

54849,33 
55*50,25 
56851,16 
57|52,07 
58852,98 
pS3,9o 
££]54. 
U'j  Dep. 


I9»52L3,7b 
"9,93144,68 


-',15147, 

^,5648, 

'r>9'J49, 


;,2oi33, 

2>6l34,_ 
[6>0%  35,49 

:6,84,37,3' 

7,25J3S,22 

7'66|39,'3 
8,07140,04 

8,48340,9 

8,89141,86 

9,3042,77 

9,72|43,68 

20,13*44,59 


9,07 
19,98 


22,70 
23,61 


»,7» 
12,69 

*3,59 
6>7o|r4i5o 
7>I2JI5j4i 
7,54116,31 
7,96117,22 
^,37ji8,i3 
8,79|'9,03 
9,2tJ,9,94 
9,63120, 


11,21  24,5 

11,6225,43 

i2,04]26,34 


'3, 27829,06 
x3, 69829,97 
'4,10830,88 


9,95 
10,85 

",7 
12,66 

:3,57 
H,47 
x5,37 
16,28 

r7,r 
18,09 

18,99 
19,90 
20,80 
21,71 

J22,6l 

23,56jic,99|23,si 

|24,47  ",4!  24>4- 

"^73115,37  ",8425,32 

,r4p6, 28  12,26  26,23 

12^56517,^9  12,68  27^3 

I2,98|28,io(i3, 10  28,04 

3,4-|29,oo  13,53  z8,94 

2j29, 9i  13,95 
,4,24J3o,8i  14,37 
14,66331,72  r4,79 


io,05Jzi,75Jio,i4 
JO,47j22,66  10,57 


i,7 
2,13 


'4,93132,69  15,07  32,6315, 
^^m^o  15,49! 33,53  '5, 


5,76  34,51 


16,18 
'6-59 


17,00 

x7,42 

'7,8 

18,2 

i8,66 

i9,og 


2^j4j45,59  2o,i4|4,..0 
20,74  46,50  20,954-6747 
2l>I5J47,4i  21,36^32 
3221,7748,23 
23  2i:,i8  49,r4 
Z'H  5°,' 5  22,59  50  ot 
2^|5x,o6L3,oo  09| 
83i ',97  23,41*51,87 


23,59|52,88 
24,0085  3,79 

a4,4o|54,7i 


'5,9'] 34,44  16,06  34,37 

l6o3J35,34  16,49  35. 
ii»_5?  3_6,J_3  I_6_,75S36,25  io,9l  5^,18  17,07  36,10 


i9,»5 

3°,75 

3J,65 

22832,56 

4  33,46 


!5,42 
36,33 


37,^3  i7,»7|  37,16  17,33 

38,H  '7,58  j8,o6  •- 
39,05)18,00;  38,97 
39,96  13,4239,88 


9,93 

0,83 

",73 
12,64 

r3,54 
14,44 
J5,35 
16,25 

17,15 

18,0, 


J7,oi> 

37,99 
38,89 

39,79 


40,87  18,84  4o,78'i9,o2K-°,70 


o  Min.  J_±1Mi„. 

66  Deg.  I 


3,8252,7824,06 
24,23|53,69  24,47 

~— 5fil4,6°  r4»~ 

Lat.  ?pe"p~  ~~ 


Lat 


30  Min, 


22,40 


4',77  19,2641,69 
19,49  42,68  19,68:42,59 
x9,9i  43,59j2o,io' 43,50 
2°,32  44, 50,20,52' 4.4,41 
t5,4!2o,9j|45,_32 
,*5  4G,32J2i,35J4S,22 
,57  47,22  21,77  47,13 
2 1,98  48, 1 3  22, 1 S' 48,03 

22,4°  49,0|J22,6l  48,95 

22,81,49,9523,03149,85 
23,13  50,8623,455,-0,75 

23>64  5I,75j:i3,S7;  51,66 
52,6824,29^52,56 
53,58,24,7053,47! 

P_ep-  '  *  at.  j  Dep  J  Lat. J 
I 


I9,45j4I,6o 

19,87842,51 

20,29  4-3,4' 

4-4,3' 

4_^,22 

3-6,13 

47,03 


9,oi 

9,9i 
10,81 
.5,6oJn,7i 
6,03112,61 
6,46(13,51 
6,89;i4,4i 
'5,3i 
16,21 
17,11 
18,01 


'7,49 

1 7,92|3  7,92 
i8,34]38,§2 
18,77  39,72 
19,20  40,62 
19,63  4', 52 
20,05  4*, 42 
2°,48  43.32 
20,91  44,23 

2i,33  45,H 

21, 76  46,03 

22,1846,94 

47,94  22,61  47,84 

3,04148,74 


9,04 
9,47 


18,92 
19,82 


9,90;  20,72 


37>»3 

38,73 
39,63 

19,38)40,53 

19,81 

20,24 

20,67 

21,10 

21,53 


9,12 
9,56 
9,99 

10,43' 

10,86! 

11,30] 

",7 

12,60 

'3,°3 


|8,84|  _ 

3,24|49,74  z3,46  49,65 
50,6523,8950,55 

5i,S5  24,32; 5i,45[24,54 
52,45  24,75p,35i34,97 

53,3525,i7353»26j25,4i 

Dep. '  Lat.  |  Dep.  |  Lat. 


1?  Min.    i     o  Min.     j    45  Mm.    i    30  Min. 


53,14 


'3,47 
i],9o] 

4,3. 
H,77 

5,21 
15,64 
16,08 
16,51 
16,94 

!1>±8 
17,81 

18,25 
18,68 
19,12 

'9,55 
19,99 

20,42 
20,85 
21,29 
*hp 
22,16 
22,59 

23,03 
23,46 

3,9° 
24,33 
Hi7t 
^5,20 
25,63 


54,04126,07 
Dep.  '  Lat 
~T5  Min. 


65  Degree* 


64.  Degrees 


TRAVERSE    TABLE,    712; 

24  Degrees  I  25  Degrees 


'>',.39>02 

Ml39>43 
ljf'39^3 

Vj4°»M 

1^40,67 

6^41,08 

M4i,9° 
»<42,3C 
^42,71 

•»/1-3>S2 
!,643 

•fSH 
gjH.74 

)2>45>5 

>9,4-»96 

4.16,37 

•«,4-7.'8 

>6>47>59 

>y,b.8,0G 
3,1^40 

*Pj  Lat. 


65  Degrees 


64.  Ue^jv-cb 


■'334. 


?R  AVERSE   tABLEi   yi2: 

26  Degrees  .  27  Degrees 


o  Min. 


Lat. 


1 
I* 

3 

4 


0,9c 

1 

2,70 

3,flo 

4»49 

5,39 

6,29 

7,*9 
8,09 
8,99 

9,89 
10,79 
ii,68 
34  12,58 

*5i3..~ 
36  14,38 

15,28 

16,18 
17,08 
17,98 
18,88 

*9>77 
20,67 

a4  21,57 
22,47 

*3>37 
24,27 

25^7 
6,07 
3^126,96 

27,F 
28,76 

29,66 
3°>56 
3J>4^ 
3*>36 
33,26 

34, 

35> 

ll'ii 

3M5 

37,75 

38,65 

39,55 

4.0,4. 

4i»35 

42,2-4 


3' 

32 

33 
34 
35 
36 

37 
38 

39 
11 
4i 
42 
43 
44 
45 
46 
47 

48*43,14 
49|44>c4 
l4f94 

5%6,7<? 

53  47,64 

54  48,54 
S5J49>43 

5°»33 
51,23 
52,13 
53,°3 
53,93 


trlDcp 


Dep. 


0,44 
0,88 
1,32 

#75 

2,19 

2}63 

3,o7 
3i5i 
3,95 

4,82 
5,26 

5>7° 
6ji4 
6i58 
7,ot 
7,45 
7  . 
8,33 
8,77 


9,21 
9,64 
10,08 
10,52 
10,96 
1  r',40 
11,84 
12,27 
12,71 
"3 


x3,59 
14,03 

*4,47 
14,90 

*5>34 
15,78 
16,22 
16,66 

i7,io 

17,54 

*7,9 
18,4 


9,29 

*9; 


20,60 


21,48 
2I,<}2 


36 
22,SO 

3 

23,6- 

24,11 

24,55 
24,99 
25,43 
25,86 
26,30 
Lat. 


o  Min. 


PI  64  Dpffl 


Min. 


0,90 

i,79 
2569 

3,59 
4,48 

5,38 
6,28 
7,18 

8,07 
8,97 


9,87 
10,76 
ii,66 
12,56 
*3>45 
14,35 
^,25 
16,14 
17,  c4 
17,94 
18,83 

I9»73 
20,63 
21,52 

22,42 

23 

24,22 

25,11 

26,01 

26,91 


27,80 
28,70 
29,60 
3°,49 
3*>39 
32,29 
33,i8 
34,08 

34,98 
3i,88 

36,77 
37,67 
38,57 
39»46 
3  4°,36 


20,17  41,26 


42,15 


21,0443,05 


43,95 
44; 

45,74 
46,64  23 

47,53 
43 
49,33 
5°,23 
51,12 

52 
52,92 

Dep. 


Dep. 

44 
89 
33 

77 


22 


44' 


Lat. 


45  Min. 


30  Mi 


Lat. 

0,90 

*,79 
2,69 

3,58 
4; 
5,37 
6,27 
7»i6 
8,05 
8,95 
9,84 
10,74 
11,63 

i2,53 
3,42 
14,32 
15,21 
16,11 
17,00 
17,90 

18,79 
19,69 

20,58 
21,48 
22,37 
23,27 


■  9 
73 
17 
62 
06 

5° 

9424,16 
25,06 

25>95 
26,85 

27,74 
28,64 

29,53 

°4|30>43 

31,32 

32,22 

33," 

34,oi 

34,9- 
35,80 

36,69 

37,59 
38,48 

39,38 
40,27 

4M7 
42,06 
42,96 

43,85 
44,75 

56J45,64 
46,54 
47.43 
3 

3349,22 

77150,12 
51,01 

65151,91 
52,80 

54l53»7o 


Dep 


Dep. 

0,45 
0,89 

!,34 

*i79 

2,2 

2>68 

3,12 

3>57 

4,02 
4,46 

4J91 
'5*35 
5 

6,25 
6,69 

7iH 
7*59 
8,03 
8,48 
8,92 


9>37 
9,82 
0,26 
0,71 
1,16 
r,6o 
2,05 
2,49 
2,94 
3,39 


3>83 
4,28 

4,73 

5,i7 
5,62 
6,-06 
6,51 
6,96 
7,4° 
7,85 


21,42 
,86 


24,99 
25,4 
25,8! 
26,33 
26,77 
Lat 


30  Min. 


45  Min. 


o  Min. 


Lat. 

0,89 

«»79 
2,68 

3,57 
4,47 
5i36 
6,25 

7»J4 
8,04 

8,93 

9,82 

10,72 

11,61 

I2>50 

13,40 
14,29 

i5ii8 
16,07 
16,97 
17,86 

r8,75 

I9,65 

20,54 

21,43 
22,33 
23,22 
24,11 

25,00 
25,90 
26^79 

27,68 
28,58 

29,47 
30,36 

31,25 
32,15 

33,o4 
33.93 
34,8  3 
3i»7^ 
36,61 

37, 5  * 
38,40 

39»*9 


8,29 
8y74 
9,^9 
9.63 
2c,o8|4o,i8 

2°i53  4I,'°8 
20,97  4i,97 


42,86 
43,76 

zhU  44,6j 

64^,54 
3,20  46,44 
3,65  47,32 
24,10 

*4»54  49," 


50,00 
5°; 
5i,78 
52,68 

Dep 


Dep. 

o,45 
0,90 

i>35 
i*8o 

2,25 
2,70 

3,i5 
3,6o 

4,05 
4,5° 


Lat. 


0,89 
i;78 
2,67 

3»56 
4,46 

5>35 
6,24 

7,i3 
8,02 

8,9 


4»95 
5,4o 

5,85 
6,30 

6,75 
7,20 

7,65 
8,10 

8*55 
9,00 

9>45 
9i9° 
°,35 
0,8  c 
1,25 
1,70 
2,15 
2,60 
3>° 

3.95 

4,4 
4,85 
5>3° 
5>75 

6y20 

6,65 

7» 

7.55 

8,0c 

8^45 
8,90 

9,35 
9,80 
20,26 
20,71 
21,16 
21,6 

t2,©6 

22,51 

22,96 

23,41 


9>8° 
10,69 
11,58 
12,47 

13,37 
14,26 

*5 
04 
16,93 
17,82 

is; 

*9> 

20,49 

21,38 

22,28 

23,17 

24,06 

24>95 
25,84 

26,73 
27,62 
8,51 
29,40 
30,29 

3M9 
32,08 

32,97 
33»86 

34,75 
3J»64 

36,53 
37,42 
38,31 
39,20 
40/ 10 
40,99 
41,88 

4-»77 
43,«6 

44,55 


45,441 
46,3? 
23,86,47,22 


24, 3  J 

24,76 

5.21 
25,66 
26,11 
26,56 
27,01 

Lat. 


12 

49,°i 
49,90 

50.79 
51,68 

52,57 
53.46 


Dep, 

°,45 
0,91 

1,36 
1,82 
2,27 
2,72 
3,t8 
3,63 
4,09 
±54 

4>99 
5,45 
5,9° 
6,36 
6,81 
7,26 

7,72 
8,17 
S,63 
_9,o8 

9,53 
9,99 
0,44 

0,90 

x>35 
1,80 
2,26 
2,71 

3>i7 
3,62 

4,07 
4,53 

4' 

5,44 

5, 

6>34 

6,«o 

7,25 

7,7  * 
8,16 

8,61 

9,07 
9,52 
9,98 

20,43 

20 


21,79 
22,25 


23»i5 
23,61 
24,06 
24.52 
24,97 
25,42 

*5 

*6,33 

26,79 

27,14 


Dep.     Lat. 


15  Min. 


63  Degrees 


o  Mi' 


15  Min. 


0,89 
1,78 
2,67 
3,56 
4,45 
5,33 
6,22 

7i 
8,00 


9,78 
10,67 
11,56 
12,45 

13.34 
14,22 
15,11 
16,00 
16,89 
17*78 
18,67 
19,56 
20,45 

2i»34 
22,23 
3,12 
24,00 
24 

25,78 
26^67 

27,56 
28,45 

29,34 
30,23 
31,12 
32,01 
32,89 
33,78 
34,67 
3i>5J> 

36,45 
37,34 
38,23 

39> 

40,01 

40,90 
2i,34  4J,78 


42,67 
43,56 


22,70  44,45 


46,23 

47,12 
48,01 
9 

49,78 

50,67 

5»>5h 

52,45 
53 


Dep. 


0,46 
o>92 

',37 
1,83 

2i29 

2>75 
3,2* 
3,66, 
4,12 
4,58 


5,o4 
5,49 
5*95 
6,4-1 
6,87 

7,33 
7,78 
8,24 
8,70 
9,16 


22,44 
22,89 


45,3^23,35  45,25 


23,81 
24,27 
24,73 
25,19 
25,64 
26,10 
26,56 
27,0* 


30  Min. 


Lat. 


0,89 

*,7 
2,6 

3»55 
4,44 
5,32 
6,21 
7,rc 
7,98 
8,87 


9,62 

0,07 
0,58 
c,99 

x,45 
1,91 

2,?6 

2,82 

3,28 

.3,74 

4,'9 
4,65 
5,i' 
5,57 
6,03 
6,48 
6,94 
7,4o 
7,8> 

_S,J2 

^8,77 

9,23 

9,69 
20, 

20,61 
21,06 
21,52 
21,92  42,58 


9»76 
10,64 

r*>53 
12,42 

14,19 

i5,c8 

*5>97 
6,85 

17,74 
i8,6j 

*9,5* 
20,40 
21,29 

22,l8 

23,06 

3>95 
24,84 
25,72 
26,61 

27,50 

8,38 

29,27 

30,16 

05 
3i,93 
32,82 

33,7* 

34,59 
3_5»49 

36,37 
37,25 
38,14 
39»°3 
39,92 
40,80 
41,69 


43»46 
44,35 


46,14 
47,03 
47»9* 
48,79 
49,68 

5°.  5  7 
5i>45 
52,33 


Dep. 

0,46 
0,92 

»M9 
1,85 
2,31 

*,77 
3,23 
3,69 
4,16 
4,62 

5,08 
5,54  «q 


6,00 
6i47 
6,93 

7,39 
7,85 
8,31 

8,76 
9,24 

9>70 
0,16 
0,62 
1,08 

»»5S 

2,01 

2>47 
2,93 


11,51 

12,40 
«3,a8 
14,16 
5,°5 
*5,93 
16,82 

17,7° 
18,59 

9.47 
20,36 

21,24 
22,13 
23,01 

3.89 
24,78 


4,32 
4,78 
5>*4 
5,7° 
6,16 
6,63t 
7,09 

7,55 
8,0 

8,47 

8,93 

9,39 

9,86 

,0,32 

20,78 


21,70 
22,16 

22,6 


5*,*5  */*«*  )")Ji  *■/,- 

53.34  2_7^47l53.25  lJj]_ 

Dep.     Lat.  JDep.  Lat. 

45  Min.    *    30  Min. 


*5»4<1 
25,8 

16,3 
26,78 

27,s5 

27 

Lat 


45 
Lat. 

0,89 

hn 

2,66 

3,54 
4,43 
5,3i 
6,20 
7,o8 
7,97 
i'g5 
9 


,6z' 


3,39  25,67 
3,85  26,55 

27,44 
28,32 
29,21 

30,09 

3°,'. 
31,86 

32,75 
33,63 
34,52 

3_5j40- 

36,29 

37,17 
38,06 

38,94 
39,83 
21,24140,71 


41,60 
4-2*4 

43,37 


23,09  44,25 

45.1* 
46,0a 

46,91 


23,55 
24,01 

24,47 
24,94  47,79 


48,68 

49>56 

5°,45 

Sr»33 

52,22 

S3»JLS: 
Dep. 


62  Degree* 


TRAVERSE 


TABLE,    71a. 

27  Degrees 


63  Degrees 


TRAV ERSE 

28  Degrees 

30  Min.    I   45  Min. 


TAB  L  E,     712. 

29  Degrees 


G.i 


6*57p,33 
7,04813,2  j 
7,51114,10 
7j9s|i4598 
8,45815,86 
8,92816,74 
9*39  J 7,6 2 
9,86 


5*4-9 
I5,96 

16,43 
16,90 
17,37 


302^,49 

3»F7,37 
32128,26 

33f9>i4 
3430,02 

35  3°>9° 
3631,79 

37  32,67 

38  33,55 
39;  34,44 
4o  35,^2 

4<  56,20 

42  37>'o8 

43  37,79 

44  38,85 

45"  39,73  2V2 
46  4.0,61;  21,59 
47|4i,6o,22,o6 

?>53 


18,50 

19,38 

20,26 
21,14 
22,0: 

22,9' 


10,33 
io,So 

IW 

n,?3 

12,20 

12,67123,79 


3,H 
13,61 
14,08 

H,55 


24,67 
25,55 
56,43 

27,31 


15,02  28,19 


17,84  33,48 


19,2 
19,72 
20,19 
20,66 


48  42,4 

49  43,3° 

5044,15 
5ijf4S,o3 

52|45,9i 
53846,80 

54S47, 
55^-8,56 


29,07 

29,95 
50,83 

?',7i 

32,59 


S,3i  34,36 
18,78  35,24 
36,12 
37,00 
37,88 
38,76 

39,64 

40,52 

4.1,40 

42,28 

>  23,o*3 

;  23>4jH,°5 

!  23,941+4,? 3 

24,4J|4 

24,88^46,69 

;  25,35147,57 
..  '2f,83J48,45 

56|49,45  26,29849,33 
57rf5°>33  26,7rJ50,2i 
5X|5i,2i'27,23l5i,o9 
59ji52,io!27,7of5i>97 


5,2i|  9,67 
5,68»io,55 
6,15111,42 

6,63    12,30 
^13,18 
14,06 
14,94 
15,82 
..    16,70 
9,46   17,58 
18,46 

9,33 
20,21 
21,09 

21,97 


9*94 
10,41 
10,89 
11*3.6 

i',8.3 
12,30122,85 


19,41 
19,88 
20,35 
20,8 1 


10,02 

10,5 

10,97 

ii,45 

"*93 
12,41 
12,88 
13,36 
13,83 
L!4,32 


*3*73 
24,61 

*  5,49 
2j6,37 

27,i4;?4,79 
28,02115,27 

28,9015,75 

29,78|l6,22 

30,66*16,70 

31,5417,18 
32,42  17,65 

33,3°!l8>i3 
34,i8|i8,6i 

35,15 K9,09 
36,o3ji9,5t 
36,91120,04 


Min. 


Dep. 


37,7920,5237,7. 
38,58 
39,45 


14,91 
15,39 
15,87 
i6,35 
16,84 
17,32 
..  »7,8o 
33,3218,28 
34,20118,76 
35,07  19,24 


35,95 
36,82 


i8,37 
19,24 
12 
20,99 
21,87 
72,74 

3,62 

24,49 
25,37 

26,24 

7. 
27,99 
28,86 

29,74 
30,01 

31,49 
32,,36 

33^4 

34,H 

35,_oo 

35*85 
36,73 


15  Min 


Lat. 


J_35_MJa.__  J45j 
Lat.    Dep.    Lat. 
0,49    o; 
1,00    1 


9,72 

20,20 

2o,68|37,6o 

21,16138,48 

21,65839,35 
22,13  4°,23 


io,i8ji8,32 

IO,67jjg,20 

u,i5J2c,07 
11,64120,94 
u]zr,82 
i?,6il22,69 

i3*°.9]23,57 
"3,,  58,124,4  3 

14,o6|2  :}  3  1 
14,54126,  18 


5,03827,05 

J5>5  '127,92 

i6,ooJ28,8o 
6,48|29,67H6,6 

16,96130,54  l7,io 


'4,17  25,24 
14,66 

5*1.5 


15*64  27,85 
•0,13 


42 


7,59 
18,08 

i8*57 
9,0b 

19*54 


41,10 
42,00 
42,85 
43*73 


38,67^20,99 

39,55|2',4 
'»43  2i,95l4o,33 
■— r-»3i,22*43  4i,2i 

22,;2J42,    9.22,9042,09 

23,i9j43,o6(23,3i  42,96 

^lZjtlli^^^p3*3  24,05  _ 

24,i4|44,82  24,34  44,71  24,53144,61 

24,61145,70(24,81145*59,25,01145,4" 
25,09140,58^  ;,29  46,47J25,49|46,3 

25,56|47,46  2S77J +7*3)  2 >, 97j47,23 

2h'03^8,34|36,24|48,22  26,46*48,11 

26,50849,22  26,72(49,10126,94148,9!. 

6,97E5°,09|27,20|  49,98;  27, 42|49,86 

2;,46l50,97j27,6.7  50,85J27,9o|5<»,73 

.,27,92151,85  28,1  :J5i,>S;a8,38|5i,67 

6oJ.2,98l2^,^7|52>8s|2S,4o352,73  28,63152, 6 jjzS, 86152,48 

O^  Dep.  I  LatT  gPcp.'  Lat.  jj  Dep.  i  Lat.  J  DepTt  LatTj  Dep! 

15  Min. 

I/- .'I   Ml 


7*45  3-,, 

i7,.94j32,29 
i8,+2|33Ji6 
'8,99534,03 
1^39234^9 

i9»88|35,77 
20,36136,65 
20'85h7*52 
r*33|38*39 
2I>82|39,27 
22,30^40,14 

22,8o?4I,OI 

23*28kT,88 
23,77P42,76 
24*2443^63 

24,73;44»5o  24)93 
25,6i[45,37  25*42 
25.9 
26,40 
26, 
27*37 

27,X6 

28,35 


9*55 

10,42 
11,29 
'2,15 
13,02 

13*99 

14,86 

15.63 
16,49 

iJ7_,36 
18,23 
19,10 
'9*97 


12,81 

13*29 
13*78 
14,28 

H,77 


25,70346,24 


6,18 

26,67 

27,15 


28,12 
28,61 


47*12 
47*99 
48,86 


27,6449,74 


50,61 
5i*48 


Min. 


29^09|52,35 
Lat.  1  Dep 


35*68 
36*55 
37,42 
38,29 
39,16 
40,03 
40,90 

4'*77 
42,64 

43*5^ 

44,39 
4<;,26 

46,13 

47,0° 
47,87 

48,74 
49,61 
50,48 

5i,3  5 
52,22 


62  De£. 


45  Min. 


to  Min. 

01  Degrees 


o  Min.      \    45  Min. 


25*11 
25*61 
26,1a 

6*59  . 

27,084.7,75 


27*57 
2^,07 

28,56 

29; 


Dep. 


30  Min. 


48,6? 
49*49 ; 
5°*35 
51,22 

52>°9 

15  iV 


60  Degrees 


TRAVERSE    TABLE, 

28  Degrees 


51,21850,29 
sr>70|9i 

S2,t9|92,OJ 

52,69392,9c 
53,i8393j76 

S3»67I94^ 
54>fll9ii5_ 

54i66!J96,37 
54*73 {97>*HS <>T5  97,H 
55>'7|9S,35  5S>64M»rl 
55,66^99,22  56,13198,97 
56,158:00,1856,63  99/ 
56,64!  10 1,0!  5  7, 1 2  lioo, 
57,  i3|ior,8J57,6ijioi,6 
57,62  1 02, 7]  5  8, 10]  1 02,4 


58,11(103,6 

104,7'  Sj^FJM^ 

DepJjLat^j  Dep 

45  Min 


58,591103,3 
Lar.  fDcp. 


93 
94 
95 
96 

97 

48363 
49,12! 
49,628100 

5o,i2|ior 
5o,6i|tc2 
i,ii|io3 
5i,6ijis4 
53,io|io5 
5  2, 6  ofi  06 
53,098107 

33,59i103 
54>°9k109 

liiLl'i? 

55jo3Jih 

S5>S8|112 
56,078113 
114 

"5 
n6 

117 
118 
119 


S6,57 

57,06 

5?>56 
58,06 

58,55 
59>°5 

Lat. 


•3  0  Mi 


j  5  Min. 


60  degrees 


33* 


TRAVERSE    TABLE,   712; 


59  degree* 


5S  Decree* 


TRAVERSE    TABLE,    712; 

30  Degrees  I  31  Degrees 


339 


0  Min  .      1 


15  Min 


Dep. 

3°»S° 
31,00 

3*,5° 
32,0c 

32,50 

33,00 

33,5- 
34,0c 

34»  f° 
35,00 

35,5C 
}6,oc 
36,5c 
37>°c 
37.5° 
38,00 
38,50 
39,00 

39.5° 

40,  cc 

40,5c 
4.1,00 


4*.  co 
42, 5C 
43,oc 

*-3>5° 
ij44,oo 

44, 5C 
45,00 


Lat. 

5>,t>9 
53,56 
54,42 
55^9 
56,i5 
57.oi 
57, 

,74 
59.6i 
6o,47 

^',33 
5s, 20 
63,06 
63,92 

H.79 
'65,65 

36,52 

67,38 

*4 
69,11 

69,97 
70,83 


Dep. 

30,73 
31,2 

3*, 74 
32,34 
32,75 
33=25 
33,75 
34,26 

34>76 

35,*6 


35,77 

36,27 

36,7^ 
37,28 

37. 78 
M 

38,79 
39>3° 
39. 8-P 
40,30 


+1,507', 7° 


72,56 

73,4 

74,29 

75,15 

76,02 

76,88 

77,75 


+5,50  7M1 


46,00 
46,5c 

+7,oc 
7  47-5- 


79.47 


5° 

7  49.oo 

49,5c 
30,00 

50," 
3  51,00 

sm0 

5  2, CO 
5o 
53,0c 

f3>50 
54,oc 
4-5° 

SJL'— 
55.50 

56,00 


30  Min. 


Lat. 

52, 56 
53>42 
•  4,28 

SS>'S 

56,01 

56,87 

57.73 
59 
59.4'3 

61,18 

62,04 
62,9 

63,76 
34,62 

5,49 
66,35 
67,21 
68,07 
68,93 
69,79 


45  Min. 


Dep. 
10,96 

31,98 
32,48 
32,99 
33.50 
34,oi 

34,5 
35,02 

36,04  61,02 

36,5461, 

37,°5F2,7+ 

37,5^63,59 

38,07^4,45 

33,58165,31 


Lat. 

5*,42 
53,28 
54,14 
55,00 
55,86 
56,72 
57,58 
58>44 

59,3° 

60,16 


40,81 

4', 31 

41,8! 

42,32 

42,8 

43,32 

43 

44,33 

44,84 

45,3_4 

45,84  78,41 


46,3 


80,3446,85 
3i,2o 
82,07 
82,93 


7 -,65 
71.52 
7.2.3? 
73,24 

74,  IC 

74,96 

75»S3 


39,08 

39.59 
40,10 
40,6c. 

41,11 
41,62 
42,13 
42,63 

43>M 
43, 6  f 
44,  it 
44,6; 


77,55 


s3>79 
84,66 
85,5a 
86,  38 

87^ 
SS.u 

83,9 

89,84 

90,70 

9', 57 
92,43 
93,3- 
94,i6 

95, C2 


79,27 
80,13 

47,3S  8°,99 

47,86"- 

48,3.6 


76,6945,17 
4J_,_68 
46,1 
46,69 


+3,  «7 
49,37 


S6 

73 
83,58 

84,44 


49,87  85,29 
50,38  86,16 


Sl>: 


95,89 
96,75 
56,5097,61 
57,00  98,48 
7,5C  99,34 

-,8,C0  100,2 
58,51  101,1 
£9,00  101,9 
102,8 

Dep. 


50,8.8  87,02 
87,89 

88,7 
89,61 

47 
9i,33 


52,30 
52,90  9 
53,4° 


54,41 

54,9 

55.4 


53,90  92,20 


Dep 

3M9 

3',7C 
32,21 
32,72 
33,23 
3374 
34,25 
34,76 
35,23 
35>79 


36,81 
37,32 
37,83 


66,  iy 
67,03 
67,89 

6_3,7_5 
69,61 
7°,47 
7', 33 
19 
73,o5 
73,9* 
74,77 
75,62 
76,48 

77.35 


38,86 

39,37 
39,88 

40,39 
40,90 


o  Min.     I    15  Min. 


Lat.  I  Dep.i  Lat 


52,2931,42152,15 


53,H 
54,00 
54,86 
55,7i 
56,57 

57,43 
58,29 

59,r4 

60,00 


3i,93E5-3,o° 
32,45153,86 

32,96^4, 7  J 


36,30  6o,S6 


61,72 
62,57 
63,42 


38.3464,28 


78,21 
79,06 
+7,20179,92 


47.  V 
48,2a 

43,73 

+9 

49,74 

50,25 

5i,2fc|S6,8 


!8o,78 
3 ',64 

^2,5° 

83,36 

84,22 

85,08 
85,94 


9.3,06 

93.92 

95 ,64 
06,50 

97,36 
98,23 
99,09 
99,95 
100,8 
101,7 


f5>92 

56,42 

56.93 

57,43 

57,93 

58,44 

S8»94 

59>45 

59,95|to2,5 

60,4,1103,4 

lLat.  I  Dep. 


5X,77 
52,28 
52,79 
53,2-9 
53,8o 
54,31 
54,82 

'55.33 
56,34 


4i,4i 
41,92 

42,44 
42,95 
43>46 
43.97 
44,48 
44,99 
45,5o 
46,02 
. 

46,53 
47,04 
47,55 
48,06 

48,5 
49, c8 

49,59 
50,10 
50,61 

51,64 


°5>i3 

5,99 

60,86 

67,7 

69,43 
70,29 


*7, 66 52,15 


88,52 

89,38 

90,24 
1,09 

T,95 
92,81 

93,67 

94,5 
95,39 


56,84  96,2 
57,35  97," 
57,8697,97 
58,37  98,83 
58,8899,69 


59,38 
59,89 
60,40 
60,90 
Lat. 


45  Min.    1    30  Min. 


100,5 
101,4 

102,3 
to-3 


Dep 


72,00 
72,86 
73,72 
74,57 

75,43 
76,29 

77,14 


5C,57 
56,42 

57 

8_ 

8,99 
59,£4 
60,70 

6i,55 
62,41 
63,26 

64,12 
64,97 
6c,83 
66,68 


33 

33,99 
34,51 
35,02 

35,54 
3_6_,o_5 

36,57 

37,08 

37,6o 

38,11 

38,63 

39,14 

39,66 

40,17 

40,69  07,54 

41,20  68,39 


41,72 

42,23 

71,1442,75 


Dep 

31,64 
32,16 
32,68 
33,20 
33,7.2 
34,24 
34,76 
35,28 
35,8o 
36,31 


30  Min.    .    45  Min> 


Lat. 

52,01 
52,86 
72 
54,57 
5,42 
56,28 

>7>J3 

57,98 
3 
59,68 


43,20 

43,78 

44,29 
44,81 

45. . 

45,84  76,09 


52,66 


53,17  89,H 


3,68 
54,19 
54,7  J 

55,22 

55,73 


15  Min. 


78,00 
78,86 
79,72 
3o,57 
',43|48,93 


82,29 

84,00 
84,86 
8_5,7^ 
36,57 

*7,43 
S8,29 


90,00 
90,86 
)1,72 
?2,57 
93,43 


56,24194,29 

56,7 
57,^6 

57,77 
58,29 
58,80 

59,3 
59.8 
^0,33 

60,84 
61,  { 

Lat. 


95,i 

96,0 

96,86 

97,72 

98,.J7 

99,43 

100,3 

Ior,T 

ro2,o 

102,9 


Dep. 


69,25 
70,10 

70,96 
71,81 
72,67 
73,J"2 
74,38 
75,23 


4jj>35 
46,87 
47,38 
47,90 
48,41 


49,44 
49,96 

50,47 
5°,99 


J2,02 

52,53 
53,05 

53, 56 
54,o 

J"4,f9 

55,ii 
5,6? 


5-6,6^ 


60,26 
60,77 
61,29 
61,89 

Lat. 


o  Min, 


IblDegTl 


59  Degrees 


76,94 
77,80 
78,65 

79,51 
80,36 
81,22 

82,07 

82,93 
«"3,78 
^4,64 

^,49 


36,83 

37,35 
37,37 
38,39 
38,91 

39,43 
39,95 

40,47 
40,92 
4i 

42,02 

42,i4 
43,06 

43,58 
44,10 
44,62 
45,13 

45,65 
46,17 
46,69 


S6,3 

87,20 
88,06 
88,91 

9,77 
.93,62 

91,48 

92,33 


56,14  93,19 


J7,i8 
57,68 
jf3,2c 
y3,7' 
/9,23 
J9,74  99,'7 


94,04 

94,89 

95,7 

96,60 

97,4'J 
98,31 


100,0 

100,8 
<oi,7 
102,6 

Dep 


60,54 
61,39 
62,24 
63 

63,95 
4,32 
65,66 
66,* 
67,36 
68,21 

69,06 
69,92 

70,77 
71,62 

72, 

3,33 
74,18 

75.03 
75..89- 
7°,74 


47,2i 
47,73 
24 
7 

49,28 
49,80 
50,12 
5°. 
5',36 
S-1 


52,40 
52,91 
53,43 
53,95 
54,47 
54,99 
55,5i 
56,03 


57,53 
58,10 
5-8,62 

f9,'4 
59,66 
60,18 
60,70 
61,22 
61,74 
62,25 

Lat. 

45  Min. 


Dep. 


32,10 

32,02 


Dep.    Lat 

3~,87  5',87 
32,40:52,74 

32,92..53,57  33,15 
3  3,44  54,42  '  * 
33,96  55,27 
34,49)56,12 

35,°i;56,97 
35,53|57,82 
36,o6;58,67 

37,o9j6°,37 
37,6a]6i 

~  ,14162,07 
38,67562,92 

39.i9P3.77 
39,7i|64,62 
40,23565,47 
40,76:66,32 
41,28267,17 


68,03 


77,59 
78,44 
79,3° 
80,15 
81,01 
8i,36 
82,71 

3,57 

84,42 
85,26 


S6,i 
36,97 
87,82 
88,68 

S9,53 

90,38 
9^23 
92,09 


56,55  92,94 
57,06  9  ;,79 


94,64 
95,5° 
9ft,35 
37,20 
98,05 
9i 
9.9,76 
100,6 
ioi,c 
102,3 
Dep. 


68,88 

69,73 
70,58 

7r,43 
72,z8 

73,13 

73,98 
74,83 
75,68 

76_»5_3_ 

77,38 
78,i3 
79,08 


41,80 
42,32 
42,85 
43,37 
43,89 
44,41 

44,94 

45,46 
45,98 
46,51 
47,02 

47,5  S 
48,07 

+3,59 
49,12  79,93 

49,64 
fo,i6 
50,69 
,1,21 
51,73 

5_2_,2J 

i"2,77 
53,30 
rj>32 

54,34 
54,87 
55,39 

55,9  * 


33,68 

34,2o 

34,73 

35,25 

35 

36,31 

36,33 

37,36 

37,89 

38,41 

33,94 
39,46 
39.99 
40,52 
41,04 

4i,57 
42,10 


80,78 
81,63 
82,48 

83,33 
84,18 
85,03 


85,88 

*  73 
87,5.8 
8.8,43 
89,28 
90,13 
90,98 


91,83 
92,68 
?3_,54 

58,0094,39 
95,24 


56,43 
6,96 

57,47 


9,57 

0,09 

60,6 1 
61,14 
61,66 

^2,' 8 


,o  Min. 


58,52 
59,04  96,09 
96,94 

97,79 
98,64 


99,49 
100,3 

101,2 

102,0 


Dep 


42,62 
43,15 
43,67 
44,20 

44,73 
45,25' 
45,73 
46,30 
46,83 
47>36 
47; 

48,41 
48,94 
49,46 
49,99 
50,52 

5»,04    97 


51,57 
52,09 
52,62 


53,15 
53,67 
54,20 
54,72 
55,25 
55,78 
56,30 
56,83 
57,3.5 
57,88 


58,4* 
58>93 

59,46 
59,99 
60, 
61,04 
61,56 
62,09 
62,62 
63,14 
Lat 


15  Min. 


61 
62 

63 

64 

65 

65 

67 
63 
69 

12. 

71 
72 
73 

74 

76 

77 
78 

79 

i2 
81 
82 

83 
84 
85 
86 

87 

SS 
89 
90 

9i 
9* 
93 
9+ 
95 
96 


9S 

qct 

100 

101 

IOZ 

103 

104 

105 

106 
107 
i.08 
ic9 
110 

HI 

IIZ 

*?-* 

"4 

"«5 
116 

"7 
11S 

"9 

120 

3 


X  X   2 


5  b'  LJe&rees 


TRAVERSE    TABLE,    71a; 

33  Degrees 


•'»5S 

50142,40 

5»|4-3>25 
52144,10 

53844-95 
14^79 
5  5  46>64 

56  47.49 

57  ^,34 
5*+9-»9 
39;  5°«°3 
60  50, 

SI  •— — — 
%i  58  De; 


TRAVERSE 

32  Degrees  


Vlin. 
Dep. 
3*»32 

33.38 
33»9» 
34,44 

v  34,97 

5.1  35»5° 
36,03 

3  ,S6 

37,09 
37,62 

3*»*5 
38,68 
39,21 

39,74 
40,17 

f  1 4°>8° 

*,  4i,33 

41,86 

*|  [41,39 
*.,j42>92 
9v43>45 
<V|43,98 

',44,15 
a,  1+5,04 

fc||45,57 


SI»S9 

S*,44 
53»*8 

54, 1 3 

54,97 
55>«2 
56,67 
57,5i 
58,36 
59,zo 

60,05 
60,89 
5j,74 

62,58 

63.43 

64,18 
65,12 

65»97 

66,81 
67,66 
68,50 

69,35 
70,20 

7T>°4 
71,89 

;-*,73 

1IJ46, 10173,58 


*5 


Lat. 


46,63 
47,16 
47»69 


48,22 

48,75 
49,i8 

49; 

So,  34 

50,87 

5I,4o 
51,93 
52,4C 
52,99 


53,52 
54,05 
54,58 


56,17 


57,23 

"i,:!5S,82 

•"5:59,3  5 
'",i  59.SS 
16/6^41 

,7»^P,94 

9):  02,00 

09.162,63 

°o|63,o6 

3H6fc59 

fog  Lat.  I  Dep. 


74,43 

75,27 
7jj»ia 

76,95 
77,86 
78,65 
79,4o 
8o,35 
81,19 
,04 
82,88 
83,73 
84,57 


5,4* 
86,26 

,11 


55,11  87,96 
55,6488,80 


89,65 


56,70  9°,49 


9i,34 
92,19 

93,03 
93,88 
94,72 
95,56 
96,41 

97,25 
,10 

98,95 
99,79 
100,6 
101,5 


Pep 

32,55 

33,o8 
33,62 
34,15 
34,69 
35>»2 
35,75 
36,29 
36,82 

3X>15 

37,89 

38,4 

38,95 

39,49 

40,02 

40,56 

41,09 

41,62 

42,11- 

42,69 


59,7i 

',55 

61,4 

62,2, 

40,30163,08 

63,92 

64,76 

65,60 

66,62  42,44  66,44 


43,22 
43,76 
44,29 
44,82 
45,36 
45,  *  9 
46,43 
46,96 

47.49 
48,02 


54,43 
54,96 
55,49 
56,03 

56.5 


57,63! 
58,16 


60,83 
6i,37 

M 
62,43 
62,97 
63,50 
64,03 

Lat 


Ojtin. 

5?i3egT 


45  Min. 


30  Min. 


Lat. 


Dep 

32*77 
33.31 
33,85 
34,39 
34,92 
35,46 
35,99 
36,53 
37,07 
3_7,J5i 

38,15 
38,68 

39,22 

39,76 


SM-5 

52,29 

53,13 
53,97 
54,82 
55,66 
56,50 

57,35 
,8,19 

5_9,°4 
59,88 
60,72 

a  ,S7 
62,41 

63,25 
64,0940,83 

64,94  4-J»37 

65,78|4i,9> 


48,56 
49,o9 
49,63 
50,16 
50,69 
51,23 
51,76 

52,30 
52,83 

53,36  [84,34 


62,47 
8,31 
69,16 
70,00 
70,84 
71,69 

72,53 
73,37 
74,21 
75,06 
75,90 

76,75 
77,59 
78,43 
79,28 
80,12 
80,96 
81,81 
82,65 
83,49 


53,8985,18 


80,02 
86,87 
87,70 

*8,5S 
89,40 


42,98 

43,52 
44,06 

44,59 

45,13 

45,67 

46, 

46>74 

47,28 

47,82 

4^,3^ 

48,89 

49,4 

49,97 


51,04 

5M8 
52,12 

52,65 

53,19 

53,73 


57,1090,24 


91,08 
91,93 


58,17  92,^7 

93,62 
94,46 


59,2? 
59,76 
60,30  95,30 


96,14 
96,99 
97,83 
98,67 
99,52 
100,4 
101,2 
Dep 


54,*7 
54,80 

55,3 
55,88 

36,41 
S°»95 
57,49 

58,03 

18,56 


60,71 
61,25 

6 ',79 
62,32 


6  3,94 
64,48 

Lat 


30  Min. 


45  Min. 


Lat. 


5M° 
52,14 

52,98 
53,g3 
54,67 
55,51 
56;35 
57W9' 
58,03 

58,87 


7,2^ 
68,12 
68,96 
69,81 
70,65 
71,53 
72,37 
73,2 
74,05 
74,89 
75,69 


76,53 

77,38 

78,22 

50,50  79,o6 


79»9o 
80,74 
81,58 
82,42 
83,26 
84,10 


,94 
85,79 
86,63 

87,47 
88,31 

15 

99 

90,83 

,67 
59,^ol92j52 

59,64  93,35 
60,18  94,20 


95,°4 
95,88 
96,72 
97,56 


62,86  98,40 
63,4c  99,24 


loo,  1 
100,9 
DqT 


Dep, 


33,=c 
33,54 
34,o8 
34,62 
35,i6 
35.71 
36,25 

36,79 
37,33 
37,8_7 
38,41 

38,95 
39,19 
40,03 

4o,57 
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33  Degrees 


341 


.  o  Min. 


Lat. 


51,16 
52,00 
2,84 
53,6* 
54,5i 
55.35 
56,19 
57,03 
57,87 
58.71 


59,55 
60,38 
61,22 
62,06 
62,9c 
4i,»  63,74 
41,65  64,58 
42,20  ' 

42,74 
43,2 


43. 

44.36 

44,90 

45,44 
45>9« 
40,52 

47.o6 
47,61 

48,15 
48,69 

49,23 
49,77 
5o,3i 

5  0,5.5 

5M9 
5*»93 
2,47 
53,oi 
53,56 
54,09 

54,64 
55,i8 

55.72 
55,26 
56,80 


65,42 
66,26 

6_7,£9 
07,93 
68,77 
69,61 

70,45 
71,29 
72,12 
72,96 
73,8o 


59.51 


62,21 
6 


74,64  48,48 


75.48 


86,38 

87,22 

8S,o6 

57.34  88,90 


57.88 
58,42 

58,97  9 1^ 


92,25 


60,05  93,09 
60.5993,93 

"»][3  34,77 
^  95,63 
96,45 


2»75  97,29 
63,29  98,13 


63,83 
64.38 
64,91 


Lat. 


15  Min. 


57  0f£ree$ 


98,97 
99,7i 

100,6 

Dep 


Dep. 


33,21 
33,77 
34,3  * 
34,86 

35,4 

35,95 

36,50 

37,04 

37,58 

38,12 

37,67 

39,2) 

39,76 

4°.  3 

40.85 

41,4c 

41.94 
42.48 
43 
43.57 

44 

44,66 

45.21 

45,75 


46,30  71,08 
46,84  71,92 


47,39 
47,93 


76,32 
77,16 
78,co 
78,84 
79,67 
80,51 

i,35 
82,19 

3,03 
8_3,87 

84,71 

85»54|55,5' 


49,02 

49,56 
50,11 

50,65 
51,20 

5^,74 
52,39 

52,83 

53,3b 
53,92 
54,46 

55,oi 


89,74J58,2i 

9o,sr 
39,37 
59,9  * 
60,45 
61,00 


62,09 

"  ,63 
63,18 

63,72 


64,81 
6i'l6 

Lat 


o  Min. 


15  Min. 


Lat. 


51,01 

5M5 
52,68 

53.52 

54.36 

*9 

56,03 

56,86 

57,70 

59,38 
60,21 
61,05 
61,88 
62,72 
63,56 

64,39 
65,23 
66,06 
90 

67,74 

68,57 

9,4i 

70,25 


72,85 

73,69 

74,53 
7^,27 

76,10 
76,94 
77,77 
78,61 

79,45 
80,28 
81,12 
8i,95 
2,79 

ilitl 

4,4b 

85,3° 

86,14 


56,  !C 

56,64   86,97 
57,^9 
57,7 


87,86 
88,64 

89,48 
90,32 

9M5 
9_i,_9_9 
92,83 
93,6b 


6i,54  94,5o 


95,34 
96,17 
97,01 
97,84 


64,27  98,68 


99.52 
ioc.4 
Dep. 


Der 


33.44 
33,98 
34,53 
35,oR 
3C,63 

36,i7 

36,72 

37.27 
37,82 
38,38 


38,93 
39.48 
40,02 

40,57 
41,12 
41,67 
42,22 
42,76 


30  Min. 


Lat. 

50,87 
5J.70 
52,5  3 
53,37 
54,20 

55,o4 
55,87 
56,70 

57,54 
58,37 


59,2* 

60,04 
60,87 
61,71 
62,54 

63,3* 
64,21 
65,04 


43,33  65,88 
43.86  66,71 

44,41 
44.96 
45. 5 » 
46,05 
46,60 
47,15 
47,70 


67,54 
68,38 
69,21 
70,05 
70,88 
7i,77 
72,55 


75,o5 


48,25  73,3^ 
48,79  74,22 
49,32 
49,89  75 
0,44  76,72 
50,99  77.55 
51,54  78.39 
52,09  79»i2 
52,63  80,05 
53.1880,89 
53,73^1,72 
54,2882,56 

54.83  *b}? 
84,22 
85,06 


55.38 
55,92 

56,47 
57,02 

57,57 
58.12 
58,66 


59,76 
60,31 

6c,86 
61,41 

61,96194 


86,72 
87.56 
88,39 

23 


59,21  90>°6 


90,89 
9J.73 
92,56 
93,4c 

,23 


95,-6 


62,50 

63,o5[9^,9c 
63,60*96,73 
64,i5!97,57 
64,70' 98,4C 
65,24*99,23 
65,79' i^0.1 
TaZj  DepT 
45  Min.    I 


Dep 

33.67 
34,22 

34,77 

35,3 

35,8 

3^,43 

36,98 

37,53 
38,08 

3_8_,64 

39,19 
39,74 
40,29 
40,84 

4i,4 
4i,95 

42,50 

43,°5 
43,6o 

44,25 

44,7i 
45,26 
4<j8i 


46,91 

47,47 
48,02 

48,57 
49,12 
49,67 

50,22 
50,78 

5i,33 
5i,88 

52,43 
52,99 

53,54 

4,o9 

54,64 

51,19 


57,4o 

57,95 
8,51 

59,06 


60,16 

61,26 


45  Min. 


Lat, 


50,72 

5M5 
52,38 

53.21 

54,04 
54,87 
55,71 
56,54 
57,37 
58,20 

59,03 
59,87 
60,70 

53 
62,3a 
63,21 
64,04 
64,87 
65,70 
06,52 


67,31 

08,18 

9,01 

46, 36(69,8-* 


70,67 
7',5o 
72,34 
73.*7 
73.99 
74,83 


75,66 
76,49 

77,33 
78,18 

79,oi 

79,84 
o,a7 

81,50 

2,33 

^1,15 


55,75 
,6,30 
56,85  85,60 


86,49 
87,34 
88,17 

00 


59,61  89,84 


61,82  93,12 


90,69 
92,46 
92,29 


93,96 
94,79 
95,62 
96,4 


62,37 
62,9 

3,47 
64,02 
64,58197,28 

65,!3!98,i3 
65,68198,98 

6_6_,22s99>7j 

Lat.  1  Dep. 

50  Min.    ' 


Dep. 

33,89 
34,45 
35,00 
35>56 
36,11 
36,67 
37,23 
37,78 

38,34 
3_8,89 

39.45 
40,00 
40,56 
41,11 
41,67 

42,23 
42,78 
43,34 
43,89 
44,45 


45»o° 
45.56 
46,11 
46,67 
47,23 
47,78 
48,34 
48,89 

49,55 
50,00 


50,56 
51,11 
51,67 

52,22 
52,78 

)3>34 
53,89 
54.45 
55,00 
55._5_6 
56,11 
56,67 
57,22 
57.78 
58,34  105 


58,89 

59.45 
60,0c 
60,56 
61,11 


61,67 

62,22 
62,78 
63,34 
63,87 

64,45 
64,99 

65,54 
66,20 
66,67 

Lat. 


15  Mm. 


50  "Decrees 


61 

62 

63 
64 

65 

66 

67 
63 
69 

7» 

7i 

7a 

73 
74 
75 
76 

77 

7* 

79 
80 

81 
8a 

83 
8+ 
85 
86 
87 
88 
89 

22 

9* 

9* 

9$ 
9* 
95 
96 

9T 

98 

99 

100 

ioz 

102. 

IOJ 

104 


106 
107 
10S 
109 
no 
iTi 

II* 

"3 
U4 

116 
H7 
118 

119 

120 

53 


TRAVERSE 

34  Degrees 
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3  $  Degrees 


TRAVERSE 

34  Degrees 

i  5  Min.    [  ,  30  Min.    ;    45  Min 


T  A  B  L  E, 


W> 


Dq>.{  Lat. 
34,11150,42 
34*67  5r 
35»J3 
3^,79  52,9° 


38,02  56,21 
38,^8  57,04 


39»x4|57.f^ 
58,69 

59,5* 

60,34 

17 

62,00 
42,50  62,80 


51,0 
5J>56 


l»J!  55,9282,66 


56,48 

57,o 
57,5 


I  58,14  85,97 


58,70 


4°>52  59,34 
41,08  60,16 
41,6 f  60,98 
42,21  6 


4-2,77 
43,34 


43,90  64,28 
65,10 
65,93 


44,46 

4i>02 

45,59] 


72,741 49>-5 


73»57 
7J^3_9 
50^9  75>Z2 


46,15167,58 
4-6,7  a|68,4o 
47,28169,2,3 

[70,05 
[70,87 

(71/70 
[72,52 
173,35 


76,05 
76,87 
77,7° 
78,53 


5a,68  79,35 
53,24 


S..,iS 
54,80  8i,or 

55,3'  " 


s6Sj 


83.49 
84,31 
85,14 


86,79 


,9,26  87,6 
|59,8j8S,45 

6  -,3.8|  89,27 

60,94  9°,ia 
lllll  i°_J9^ 

62,07191,75 
\6*M  92,58 
|63,i9l93,4-i 

6?>75|94>23 
|64,^ij95,o6 
:|64,86|9,,S9 
!%,4a.:96?7i 

65,98j97,i4 

f66,54|98,37 

1 6lllzjP2>19 

Lat.  I  Deo 


Dep  I  Lat. 


62,63 
63,46 


66,75 


5-^ii|74,^7 
5I,2i|75,oo 
5 1>7%  5,82 
-52,34176,64 

177,47 
[7-8,291 

[79,12 
|79,94 
3o,76 

,  '-59 
182,41 

Is  3, -24 

57,41184,06 

57,97134,88 

S^53j85,7i 
59>ogl36,53 
59,D^87>36 

00,2    " 

62,78fcs9,oc 
61,35139 
6  r*9  49g,6  5 

5  3,03192,30 
D3,.6o|93 


64,16 
64,72 
6  5,29 
65,85 
66,41 

66,97 

6_7>_54 
Lac 


45  Min. 


9.^,95 
94,77 
95,-6° 
96,42 

97,25 
98,  7 
9_8,9o 

Dep 

3 


Dep. 

34,55 
35>14 
i<>68 


0,12 

50,94 
5^76 


56,25  52,59 
>6,8i  53,41 


37,3 
37,95,. „ 

3s,^fs^,8? 
39,08  5,6,70 

39.^5  57,52 


54,2  3i37,62  54,06 
i5,°5 


40,21 


40,78  59,16 
41,35.  59'98: 
41,91  6o,So 
42,4861,63 
43,04  62,45 
43,61  63,27 
44, 1 8  64,09 
44,74164,91 


58,34  40,47 


4_5_,3J 
4-5,88 
46,44 
47,o  x 
47,58 
14 
48,71 


49,27  71,49 
49,84  72,3 


50,41 
50,98 


52,11 
52,67 

53'24j 
53>8i 

54.37 


6Jlll 
66,54 
67,38 
68,20 
69,09 
69,84 
70,66 


73>*3 
7_3,9_5 
5I»54  74,77 


7.5,59 
7.6,41 

77,24 
78,06 

78,»« 


Min. 


15 


51,30 

51,87 

52,44  75,3 6 
53,01  76,18 
53,58  77,O0 
54,15  77382 
54,7^78,64 


54,94|79,7055,29|79,46 

5,56  80,50  55,86|So,28 

56,07  3 1, 3  5  5  6,4  IS  i,  lo 

56,64  32,16  57,oo|8i,9r 

57,21  82,99  57,T|82,73 
57,77  83,81  53,i4|83jS5 
58,34184,63  58,7 #4,37 
58,91  8 -,45  S9,2S|85,i9 
59,47  86,27  59,35|86,oi 
60,04  87,10  60,42^86,83 
60,60  37,92  60,99587,6.5 
6.1, 1 7  33,74  6  J> -5 6|8"S.,47 
6 1 ,74|3  9, 5662,1  j|8  9 ,2  9 

62,37191,26)63,27(90,93 
63,44|'-)«,o3|63y84j9i.,74 
64,00]  9-2, 8  5I  64,45192, 56 
64,57  93,67  64,98^3,38 
65,I5i94,49j65^5  94>2o 
6j,7i|95,3I  66,ia;9:5,°2 
66,28196, 14  66,69  95,84 
66,8.^96,96  - 
67,4l?97,7S 

Lat  '  ~ 


56,79180,85 
57,36J3i,66 

57,93f2-*43 
58,49|83,3° 
59,o6|'34,u 
^9i63|S4,93 

6o,2i|3.5,75 
6o,78|86,57 

61,3^7,38 
61,93188^20 
6:2,5o|89.,oi 
63^09389,83 

63,67190,65 
64,24191,46 

64,82*92 

65.39p3 
65,°6l93,9i 


67,26  96,66(67,69 
5 7,8 3  97,48:68,26 
68,40  48,3016.8,83  98,00 

Lat 


Dep    J  Lat. 


Mi 


VHn 


96,37 
97,18 


65,2.2591,99 

65,79|92,Sl£ 
66,3  7|9  3,62 

66,95]94,44 

S5!67,53f95,25 


Dep. 


0896,06 
63,68|96,88 
69,-26|97.,69 

at.  3  Dep 


45'Min. 


T13 
66,2oj92,52j66,6o|I'i4 

66,78193,33  W'isJ11! 

67,3"f94,«5|67,77|11" 
7,94|94,9668»36 

6S,52|9S,77i6S,94 

69,1  il  96,58(69,52. 

69,68  97,39  70,^1 
Lat.  j  Dep.  1  Lat 
'in     ■'    15  Min. 


117 

118 
119 

I20 


55  Degrees 


54  Degrees 


TRAVERSE 

36  Degrees 


18,4c 
19,91 

zo>5: 

21, It 

hi  I 

22,34 
22,93 

2j£B 

4*33,98 

43  34,79 

44  35>6e 

45  36,41 

46  37,2' 

47  38,02 

48  38,83 

49  39,64 
5^40,45 

51  +1,26 

52  4.2,07 

53  4-,S7 

54  43,68 

55  44,49 
504.5,30 

57  4.6,11 

58  46,92  ,  ., 

59  47>73  34,87k7,58  . . 

22  t?iy|3Mw  39  35^48,23 

-     0eP-'  Lat.  llJep.  I  Lat.  fuep 


ra Verse  table, 


36  Degrees 


in.         15  Min. 


B" 


Dep 

37.85 
36,44 
57,03 
37,62 
38,21 

38,79 
39.38 

39.97 

40,56 

ti 

41.73 
42.3- 
+2,91 

43.5o 

44,08 

1.8  44,67 

9  45,*6 

45»85 


30  Min.       45  Min 


Lat. 


49^9 

49i99 

0,80 

51,61 

52,42 

53.22 

54,03 
54,83 

55>65 

l»±l 

7,26 

58,06 

58,87 

9,67 

0,48 

1,29 

62,09 

62,90 


Pep. 

36,07! 
36i66l 


Lat.    Dep.    Lat.     uep.    ,_at.    Dep 


43,76  59,49 


60,29144,6; 


4>, 53  61,90 


46.44J63»7= 
±11 
'",32 
66,i 
66,93 

67.74 
,  54 
69.35 
70,16 
70,96 

7i,77 
72,58 


73,39 
74,i9 

74,99 
75,80 
76,61 

77,42 
78,22 
79.03 

79.83 
80,64 


46,12 
46,71 

47.30 


59.37 

59,95  „ 
60,5483,16 

61,1383,97 

■3i,72P4,77 
62,3485'5 
6  62,90! 

17  &3.48 
64.-7 
04,66' 


>>2* 


I  05,83:90,32 


5  6^77594,35 


36,18 
36,88 

37.47 
38*07 
38,66 
39,26 
39,8, 
40,45 
41>°4 


41,64  56,09 

42,22 

42,83 

45,4 
44,02 


01,09  45,21 


7 

63»57 
64,3J 
65,11 

65,9 
66i72 

67,52 

33 
69*13 
69,94 

70.74 
7M4 
72,35 


57,35177,97 
57,95|78,7° 
58,54l79,50 
59>£3l8o,39 
59.72 

0o»3I1 
60,90 
61,49 
62,09 
62, 


63,86 

7,99864,45 

88,7165,0- 

%9, 


48,88 

49,6s 

4* 
51,28 
52,08 


3,68 

54.48 
55.2" 


48,72 

37,09;  49,52 
37,69 
38,29 
3«,S9 

39,49 

40,08 

,68 

55." 

5.9o 


64,90 

65,70 
66,50 
5  7. 30 


37   Degrees 


o  Min.         15  Min. 


56,70142,73 

43.33 
43,94 
44*53 


3b,;r 

37i3* 

37,91 

38,52] 

39,i 

39,72  52.54 
53.33 
54.  *  3 
54,92 

55.72 


3^92k8.'39 
37,5349,J9 
3  8, 1 3*49,9" 
38,74]5c, 


30  Min. 
Lat.    Dep. 


45 


hat.    Dep 


37,i3M>23 
37,74+9,02 
38,3549,81 

38,96150,6 


,90 

45.14|59.7° 
4  c,  74860,49 

46,34161,29 
46,94862,09 


42,97 

43,58ji7.i4 
4,i8J57,93  44,44 
44,79358,73  45,05 


76,92 
57.70S77.72 
58,29 
58,89 
59.4 
co,o8  80,93 


60,67181,73 
61,27  82,53 
61,8683,33 
b  2,46184, 1 3 
63,05^4,93 
63,27180,01  63,65583,73 


86,^264,24(80,53 

87,62164,84^87,33 
48,4?.  6^43-88, i 
65,63389,2  3j66,o2|88,94 
6b,.. 3'  90,03  66,62J89, 71 
66,8 4  90,84  b7,2i|9o,54 
67,41191,6467,81191,34 
68,oo|y2,45  58,40?92,i4 
68,59  93,25  69,oo]92,94 


64,69 

65i49 

66 

67,09 

»7 

08,68 

9,48 
70,28 
71,08 

7_i 

54.45  72,68 

55.°4  73,48 

55.64  74,*7 
56,24  75,07 

50»84l75.87 

57.4.J76,6 

5-8,o3]77.47 

38,63178,27 

39.23  79.°7 

59f£3j/9j 

oo,43j8c,6c 

3i,03j8i,4& 

61,63182,26 

02,22883,06 

62,8*1*3,"' 

3,42i4,:t> 

54,02  05,46 

64,62  80,26 

i5,2i'8;:,o5 

5.8i|87,85 


62,88 
63,68 

64,48 

65,27 
66,07 
66,86 
67,66 
68,46 
69,25 


45  Min. 


47,54 

.75 
49.35 

49.95 

5o.55 
51,16 

5V76 

52,36i 

52,96570,05 
53,56370,84 
5_4.i6|7_f.^J; 
54.77j72.4i- 
55.37! 
55,97 
56,57 
7.*  7 
57,7s 
58,3877,2 


39l;9,5^ 
46,00*60,31 
46,6046  ,11 
01,90 
,69 
63,47 


49,03 

49.63 

0,24 
0,84 


6  5, 41 SS ';>.$& 

.7,21*39,45 

67,61550,2 

6s, 21591,05, 

68,30891,34 

5g,4o]92,& 


58,98 
■9,5*] 
60,18' 


78,01 
78,80 
79,60 


00,78180,40 
6 1, 39581,19 
6i,99|8i,99 
82,78 
63,19582,58 

93,79^.3 
64,40885,1 

&5,oo|S5,97 


65,60)386,76 

66, 

66,8 


39. 34-15*, 57139.57  --M-0 


39,9;|52,35 
4^5  585  3.  I> 

41,163,3,94 

4ii76]54,74 
42,373'5,"3 


4:, 18  r*,i9 
40,79152,98 

4i,4c|53,77 

42,0c, 

42,61 


3S,37j   63 
39,18]  64 

39,79    65 


45,66 
46,27 
46,88 
47,48 
48,09 
48,70 


,41 67.43 
68,23 


87,5666,58 

~3* 


69,18  94,0569,59393,74170,00193,44 
69,35l9 ',  16 ^  69,7-7!  94,86  70,19594,55170,60194,24 
:"  ,9dS95.96  70,3    9c'>66i7,--',7^95,35|7i,2:|95,04 
oj 5 3J9_f>77  70,96  9j>4£  7J^8,9J^;j7^,8j 95_,*4. 
Dep. «  Lat.    Dep.'  Lat.  |Dep.'  Lat.  3 Dep. 


6  7,4-..  18  9 

63-,oil89,95 
6-S,6 1190,74 
69,21891,51 
69,81^2,34 
7o,4'f93,I3 
7i,-2«93,93 
7i,&-|94>72 
72,22195,52 

1. at.  I  De 


7*,i9 

■'2,99 

73,78 

74,57 
75.37 


47.75 
48,36 

48,9S 


79 
63,40 
09,00 
69 

7°»*7l9 

7,8i|92^" 

7 1, 4*»9  3,8 ' 
72-,o3|94,4' 
72J6j|,g5»2c 

Lat.  VDep 

45  Min.    5     30 


58,44  75,91 
59,^76,70 

-.9,66577,49 

60,27178,28 

00,88979,07 
ci^4*|79,86 
62,09! 

62,70381,44 
3,31582,23 

1,q  2^3,02 

4,;3|S3,si 

6i,i4r4,61 
35, 75585, 4° 
56,36]8.,r.9 

5  6,96a*  6, 9* 
57^5^87.^7 

-8,18*88,5' 

-8,79|'59,35 
69,40690,14 
70,01590,93 

7.,62|9I,72 

,1,13192,  j 
7I.84!93;3 
7  2,44*9  4. 09 

Lat.lpj;pJ_Lat 
Min-    1     **  Min. 


34«  TRAVERSE    TAB  L  E,     7^. 

38  Degrees  a  39  Degrees 


e 


Min!     p'"'l5  Mm     jf'   30  Min 


il~Lat.]"Dep.  pLa't 


8,58 
9*36 


Dep.  I  Lat. 

i|  0,78    0,62s  0,79    0,62!  9,781 .0,63!  0,78 

*|  M8!  ^23l  i»57    i,243  i>j7|  :^5j  i,56 
h    j,86jj  2,351  1,871  2,34 

3,4$  3»*3 

3»IO|  3*9i 
3*72|  4,7° 
4*33  5*4-8 
4,95'J  6>26 
5*571  7,°4 
_6,i9l_7>S3 
-0,8x|  8,61 

7*4-31  9*39 
S,05|ib,i7 
8,67110,96 
9,29,fII*74 

9*9i 

io,52|i3 

ii*i4P4>:9 

i'*76|I4**7 

t%3%5*°5 

i3,oo|i6,44. 
-,  13,62817,22 
18,06  i4.,24@i8,co 
18*85 

*9*63 

10,41 

11,20 

21,99 


o  Min.     j    15  Min.    I    3c  Min. 


3]  2*S6  1>'iSl  2,3 c 
4j  3>J5  2*46|  3*14 
5§  3,94J  3*°3|  3-93 
3  3>fc9|  4*7 l 
4*3 if  5*5C 
4*939  °--2S 
5*541  7>°7 
6,i6|  7,85 

6*771  8*64 
7*391  9*42 
8,oo|io,zi 
8,6.2810,99 

9,24s1  r*78 
9,85512,56 


73  5*52 

93  7*o9 
10S  7,88 

ill  8,67 
12I  9,46 
13810,24 

J4|II>°3 
35111,82 
i6]i2,6i 

^7iI3»40 
i8ji4*i3 

i9iI4*97 

a i|i 6,5 5 

22|i7*34 
23118,12 
24118,91 
25jf9,70 
i6po,49 

*7|2I}28 
S8'22,&6 

29122,85 
3c|2j,64 

3I,24*43 

3225*22 

^3126,00  20,32 
3426,79  2-  ; 

35p7,5 
3628,3 


3*35 
4*!3 
4,92 

nil 

6,49 
17,27 


22,77 
1  23*56 


[9,89 
[9*7- 


,-„  l0*93j 
>»  2-1,55 

,3722**7 
3729,1622,78 
3829,9423,4 

39j3a*7324*° 


1832,31 

33, *P 
33*S3 

44|34*67 
45|35*46 
46856,25 

47j37,°4 
4^37-. 
49J33* 
5°|  39*4° 


5  A  4°* "  9 
5^4,0,98 

53!4i*77 
-H+2,55 

55fj-,*34 

56J44*J3 
57J44.92 
5sS45*7i 
59J4_6,49 

dS  Dcp- 


'4*63 


■5*24 


26,47 
27,09 

27*7* 

28*3 

28,94|3 
29*55 


Dep.  I  Lat.  j  Dep.  j  Lat.    Dep,  f  Lat.    Dejn     Lat^  j  DepJ  Lat 

0,63     0,77 
1,26    1,55 


24*35 
25 

2-:*92 

6,7c 

27*49 
28,2 

9,o6 


4*32 
14,86818,78  14,9^ 

i5,46|«  9*  57  IS>Si/ 

i6,o8|2o,35  16,19 

6,70821,13  16,81 

17*3  !|2I*92-  J7*4i 


9*39lIJ'65 

I0,02|l2,43 

io,6-ipi3,2i 

"*27|i3*99 
i,89l'4,77 
5,54 


x6,3 
13,70  17,1b 


17,93322,70  18,06  2 


__27J2J 

I9,19i24,26 
'9»Si|i5,o4 
20,43125,83 
21,05126,61 

2i,ft7|27,39 
22,29828, 18 

i-  22,91828,96 
23,53|29>74 
24,i-i  l3o*53 
24,76|3_i*3o 


48  '8,66 


32,20(2:,  3^32,09 

32,98  2&,_0|}2,87 

3  3,77  26, 02133,65 

34*5527,24134,44 

35,34  27,Sri 55,22 

6,1228,48856,^0 

29*^136,78 

29*72l37 


j06  ib,9' 
21,84  17*53 


,    9,43 
8  16,27  2o*2 


25,74 
26,52 


2<V7  33*54 
27*39  34,3 

8,02*3  5,  JO 
2S*64|35,88 
29,20130,66 

9>8%7*44 
3°,5°j38,22 

3^,ij|3S,99 

3T*75J39,77 
.0,5 

4i*33 
42,11 


35*7*1*5*55 


32*37, 

33,00 

3i,62 
34,24 
34,8()|43,6 

35*49»44*45 
36,11145,23 


3,10 
3,87 
4*65 
5,42 
6,20 


2,52 
3>'5 
3,78 
4,41 

5>°4 

5*66|  6*97 
6**91  7,74 
6,923  8,52 

7*55  9,29 
8,18110,07 
8,8i|io,84 
9,44|n,62 

10,07  12,39 
10,70813,10 

I1,33|'3,94 
11,96114,71 

13,22116,26 

,,26  13,85117,04 

-7*87  14*47|i7*8i 

18,65  IJ*IO'l8*58 

"  "3  »5*73li9*36 

,   i  16, 3  6  ho,  13 

20,98  i6,99jio,9i 


23,79J29,53 

24>4Ij)°'3I 

5,04131,09 


ii>7^:>^  *i,y  +5,39  3^*^145, 
36,33f,,'33,36*S3  46ii8  36,73146, 
3i*94J4M-2  IJijS |4£*96] 3j£3J&6, 


M 


Lat.  8  Dep.  I  Lat. 


LatTgDep. 

in.     J    45  Min.    ll  ~7o"Min." 


79 

Dep. 


3°*°5  37*3 
•     38, -8 
38,86 

3i,9^39>64 

3  2, 5  5P40, 4 

33,i7g41'I9 

33,8-C4r,97 

34,43|42,75 

3S»°5!43 

35,68^44, 3° 

36,3o945*°7 

36*9354S*85 

Lat.  §  Dep 

Min.    S     o 


0,63 
1,3.7 

1,90] 

2*53 

3,10 

3,80 

4*43 
5,00 

5*69 
6,3  3 


o,77 
1*54 
2,32 

3*C9 
3,86 

4*6  3 

5,4- 

6,17 

6,95 

Jill 

8*4-9 

9,26 

10,03 

10,89 

9*49  fi*58 

3  12,35 


6,97 
7*59 
8,23 


21,76   (7,62|2I,69 

22,54  18,25122,46 

23*33  '-i^!!2!!^ 
24,09 19,51124,03 

4,87  2j,i4|24,78 
25*65  2<:*77p5>5  5 

26,4321,40,26,33 

22,03|27,I'. 

65f27,88 
28528,65 

23,9  429,42 
24,5453o,20 

25*i7|3°*98 


31,10, 

32*/2 
33*35 
33,98 
34*61, 
35,24, 
35,37! 
36*5o! 
37*13 

thil 

Lat. 


Dep. 


45  Min 


Lat. 


0,64 
1,2 

1,91 

2*54!  3 
3*18'    3.84 


o,7 

i,39 
2,02 

hh 

3,29 
3,9 

4*55 

5,i 

5,82 

6,45 
7,o8 

7*7 
3*35 

8,9." 
19,61 

20,25 
20,88 
2:1,51 
22,15 
22,78 
23,41 
24,05 
24,68 
25,3J 


15,12  1 0,81 
13,89  11,45 
14,60  12,09 

K,43  12,72 


26,57 
27,21 

27* 

28,47 
29,11 
29,74 
30*37 
31,01 
1,64 


3,82 
4,45 
•5,o9 
5,73 
£,36 

6*99 
7,63 
8,27 

8,9 
9*54 
10,18 


l6, 2C 
16,98 

17*75 
18,52 

9,29 
20,0-' 
21,84 
22,61 

3,3S 

23,93 
24,69 

25*4 

26,24 

27,01 

27,78 

28,5 

29,33 

30,09 
30,87 


5*94  3 1*64 


Ue 


4,61 

5,33 
6,15 
6,92 

8,46 

9>23 

10,00 

10,76 

lI.53 
12,30  lo 
13,07  10 
"13,8411 
14,61 


i5,j|8 

16,15 
16,92 

17,08 


13 

13,99 
H*63    . 
15,26318,45 

i5*9°|i9»22 

r6,S3]i9,99 

i7,i7|ao*76 

i7,8ij21'53 
18,44522,29 

i_9,o3J  23,07 


19,72 

20*35 
20,99 
21,63 
22,26 
22,90 
,53 


3,^3 
4,60 

25,3. 

26,14 

26,91 

7,08 

'45 


32,41 

33* 

33*95 

34,73 

35,50 

36,27 

37*04 

37,8i 

3:1,58 


24,i7J'9.22  24 
24,81129,99  24 

2  5,44|j_o,752j 

2"6,o^|3I>52 
26,72  32.-29 


32,27839,3s 
32,901+0,13 
■3*,54i4o,9 


39*49 
40,27 

41*°-?  B-J*  JJD-t-IT^,^^ 
41,82   34,17|4I,67 

34,8oJ42,44 
35*43343,2' 
36*^7|43,99 

3Cl,7°J44,76 


42*59 

43, 36 
44,i5 
44,93 


45,7° 
46,40 

Dep. 


Min. 


51  JJegrees 


45  Mia 


37,33|!4'*53 
37,96^46,30 

Tat.  a  Dep 

30  Min 


27,35 
27*99 
28,62 
9,26 
29,9 

3°*)  3 
3i,»7 
31,80 


32,44 

33 

33*7' 

34,34 

34*98 

35,6 

36,26 

36,89 

37*531 

tl'l: 
Lat. 


23 


3>oo 
33,33 
34>6 
35.37 
56,14 
36,91 
37,68 
38,44 
39.21 

9,93 
4°>75 
4r.52 
42,29 
43,06 

13'83 
44,59 
46,36 

46,13 

Pep. 
5  Mi 


50  Degrees 


TRAVERSE    TABLE, 

3  8  Degrees 


15  Min. 
Lat 


(Pep- 1 

|37»56*47,9o 
38-'"'    - 


.'7 


38,7. 

[40,02 
40,64 
41,25 
4', 87 
42,48 
43.' 


,49,4 

50,26 

5J.°4 
51.83 

52,6! 
53>4o 
54,18 
54.97 


Dep. 

37.76 
38 
39 

39 
40 
40 
4i 
+2 


43 


30  Min.    > 


Lat. 


2415° 
86I51 

48I52 
io|53 

72 


34 


Uep. 

37>97  47.57h8,iSjJ4.7)4i|38 

38,60  "° 

39,22 

3984 

4°  47 
,c9 

4,*,7.i 

42,34|53 
42,96  S3 
43>52 


347 


45  Min. 


Dep.  •)  Lat.  1  Dep. 


3  8,80;  46,90 

39.43'i47.64 

40,07*48,47 

4°>7o'49.21 

4*.35?49. 
41,98^40,74 

42,62*51,51 

43,25|52,28 

t3.89f53.05 
44.53'S"3.82 


39^01 

39>64 
40,28 
40,92 

4^56 

42,20 

42,84 
43.48 
43,82 

44.7  6 


62 

64 
65 
66 

67 
6J 

69 
70 

7» 
72 
73 
74 
7,5 
7* 
77 
7* 
79 
80 

8c 
82 

83 

84. 

is 

86 

87 
8S 

89 
9^ 

9i 

91 

93 
94 
95 

96 

97 

9* 
99 

00 

or 

02 

°3 

04 

°i 
06 
07 


13 
14 

'5 

16 

17 
18 

19 


55.76 
56,54 
57.33 
58,n 
8,9c 
59,6* 
60,47 
61,25 
62,04 

_ii 

49.87  63,61 
50.49  64,4c 


43.71 
144.33 
44.94 

45, 56 
46,18 

46,79 
47.4i 
48,02 

48,64 
49.25 


51,10 
5?. 72 
i2>33 
:z,9 

53.57 
54,j3 
54,80 
55.41 


56,03 

56,64! 

57.2^ 
57.87§ 
,8,49 


65,18 

65.97 
66,75 

67,54 
68,32 
19,11 

69,89 
7_o,68 

71,46 


72,25 
73.03 
73.82 
74.60 


^9.IJ|7S,39 

59. 72|76, 17 
134176,96 

,  •'95J77.74 

,57i7liij 

°2,50!50jlc 

53>4i  80,89 
64,03(81,67 


J8x,67 

82,46 


64,  . 

°5>26J83,24 
65.88^84,03 
06,49*84,81 
67.i1j85.60 
67  ,_7i|8  6, 3  9 

a8'HS7."i7 
68,9637,96 
69.5788,74 

o9S9.53 
7o,8of9o,3i 


71,42{9i,io 
72,04  c)  1 ,3 
2,65' 92,67 

73,2793,45 
73_,88  94,24 

■  %fit.\  Dep. 
lin. 


Del 


72 
9  73 
8174 
4-3175 
.05175 

67p 
27S77 

237- 

53|79 
I5?79 


~7, 
39 
00' 
6-182 

24P3 
8e|34 
4SI83 
]86 

72J86 

33  37 
9688 

.5SI89 

19I90 


44.20J55 
44,8285  k 
.5>45|56 
46,07|57 
46,691,8 

47-3I|59 
47,94100 

48,56f  'O 

49 
49,8o 

50,42 


45.4o 
46,04 
46,68 
47.32 
47,96 
48,60 

49.'-3 
49.87. 

5o,5i; 

5-,i6: 


57 


|9o 

43|9i 
,o5|9  2 

&7i93 
Lat.  5  Dep. 


1,67  J64 
52,29165 

52.92!'" 
53.54f7 
54,i6p7 

54.79E68 
55,4i|69 
56,03870 

56,65 

57>27|7r 
57.9o|72 
5S*52|73 
59,i4|74 
59.76|74 
60,39175 
jr,oi|/6 

61,63177 

±l>t7- 
62,8778 

63oo|79 

64,12180 

64.74I8 » 
65,37131 
6  ',,99182 
66,61 183 
67,24184 

67 

6  3,48185 

69,10186 
69,72^7 
7°,35|88 
70,97|S3 

I.59I89 

72,2i|93 

72,84191 


4:.io»54,59 

45.8o^55.36 
40,43(56,13 

47,07^6>9° 
47,7i357.°c 
48,3450.43 
48,98159.2c 

>9>6i|jT9.97 

)-o,25|6o,94 
5_°.89J6_i_,5ji 

3i,52|J2,,28  51,79 

52,16863,0552,43 

.79|63,8i53 
-.,43F''>5S  53.7^1 
54.07.65,35  54,35 
54,7o|66,r254,99; 

55,34|6&.89  55.b3 
55.97F7.6&  56,27, 

56,-' i|6^,43  56,90 
52'i5rii!f|57.5_5! 

57,88^9,97158,19 

.52|7°.73  58^3 

59.i6l7i,5°59.47| 
9.79§72.27  60,11 
60,43173.0460,761 
6i,o6|73,Si  61,38} 
6i,7c|74>58  62,0 


62,66 
63,30 
13.94 
64.58. 
65,2 


3q73»46|92 


13 


74,o3|92 
74i7f|9_3 
Lat.  |D 


62,34|75,35 

32,97176,12 

3,^1376,^8 

63,64177,05 
54,28|;Sj42 
64,92179.19165,86: 
65.5>|79,9°j66,5o| 
66,193*0,73  67,1 
66fS  sIS  1,5067,78 
67,46182,27 
68, 1 0533,04 
68,7383,8169,70; 

i'iZi  i-'iZlT^jj-; 
-,3^5.3470,98! 
7i,24i 

71,88b  6,88 

5' 1^7*65 
73)ii|8.8,?.2 

73.79f9.i6 

74,42f9,95 
75,c6]9o,72 

7£,69]9 1.49 

7JL'iif±^ 
Lat.  \  Dep. 


71,621 
72,26 
72,89; 
73.53! 
74. '  7 
74,8i, 

75,45 
76,09 

7&»73 

Lat. 


45  Min.    g    30  Min.    i 


i    *5  M'n- 


CI    U<; 


50  Degrees 


34-8 


TRAVI 

40  Degrees 


L  E?    712. 

41  Degrees 


a6,8fc 

27,60 

35 
29,10 
29,84 

3°>59 
3  Ml 
3*>o8 

3 
33>57 
34*  J* 

35>* 
30,56 

3_7»3f 

38,05 

38,80 
.-39.54 
35»7S?4o»a9 
36,4^41,03 

37>77{4M3 
38,4443,27 
39,10*44,0*  _ 
39,2_6!44j7£  l£'i 
hat.  J  Pep.  I  Lai 
15  Min. 


3M 

34>f 
35»2 
35W 
36,< 

7.5 
37>^ 
3M 
39> 


48  Degrees 


TRAVERSE    TABLE,    712. 


49  Degrees 


349 


Mm. 
l3ep. 


1 5  Mm.    | 


Lat. 


39,21! 

39»8S| 
+0,5 

4h 

4J>7*| 
42,43 
43>°7i 
«»7i 

44.351 
+5,oo 


Dep. 
'46,56  39,41 
[4.7,3*  40,06 

4°,7 

42; 
42,64 

43,*9 
43  . 
44,58 
45,23 


S,o8 
48,85 

.9,61 
37 
5!>H 
51,90 
52,60 
53^43 


45>64|54.19 
46,28154.95 
46,92|>5j72 
4-7j57|56.48 
57,24 


45,87 


46>$2  54,75 


48,85 
49>5° 
S°.H 
5°>77 
51,42 

52,07 
52,7 1 
53.35 
54,00 


55.^8 
56,92 

50.57 
57.2 

58.49 
59,I41 


58,00 
58,77 

59,53 
60,29 

61,06 

61,82 

62,58 

63>3S 
64,11 


+7,17 
47,3 1 
48,46 
49,10 

+9.75 
50,4c 


54,6464,87 


65,64 
66,40 
67,16 

67,93 

68,09 

69>45 
70, 


59,78  70,98 

60,42 

61,07 

61,71 

62,35 


71.74 
72. 

73.^7 
74.°3 


63,00  74,8° 


*6j,64 

64,28 

64,92 
.T65.57 
l]/66,2i 
if6,85 
6)1  67,4-9 
H  68,14 
^J68,78 
I  '69,42 
l7-,°7 

4'  \7hli 

fc7M6 

1)  7i,99 

■  •72,64 

■  73,28 

■  ,73,92 

■  74>57 

9'i|7  5,2' 


75,56 
76,3* 


77,°9 
77>85 
78,61 

79,38 
14 
80,90 
81,66 
82,43 
19 
83,96 

.84,72 

,48 

86,24 

o>7,oi 

57.78 
83,53 
89,30 
90,06 


46,39 

47,15 

>9 

48,67 

49,43 
50,19 

5°>95 

52,47 
53,23 


1  47 


94  5 


51,69 


52,98( 


30  Min.    g    45  Min. 


Lat. 


39,62! 
40,27 


Dep.  I  Lat.  I  Dep 


46,21 
46,97 


4°,9*  47,73 


41,56 
42,21 
42,86 

43.51 
44>i6 
44,8i 
45,46 


53,99 


5  5,5  * 
56,27 

57,°3 
57,79 
58,55 
59,3i 


51,0460,07 


60,83 


52,3461,59 


62,35 


53.6363,11 
54,27[63,87 
54.92J64.63 

55,5765.39 
50,21166,15 
56,86166,91 
57,50167,67 
5^,i5p8,44 
58,80169,19 

59,44169,96 

0,09170,72 

60,74871,48 

72,24 


-,38, 

62  02 

62,67 

3,3* 

sjf7 

65,26 
65,9° 
66,551 
67,20 

67,84' 
68,49 

9,13 


73,°o 

73,76 

74,5 

75,2 

7_6_,o4 

76,80 

77,56 

78,32 

79,o9 
79,85 
r8o,6i 

37 


69,78  82,IJ 
82,89 
83,65 


7o,43 
7_i,07 

71,72184,41 


72.37J 
73,01185,93 
73,66  86,69 

74,3of87,45 

74,96 

75,6o|88,97 

7°,i3|89,7- 
J°,s?  76,78(90,49 
9I,59  77,53?9i,25 


48,49 

49.24 

-iO,oo 
50,76 

5'!,52 

52,28 

53,°4 


46,11 
46,76 

47,4' 
48,06 
48,69 
49, 3  b 
49,99 
50,64 
51,29 
5**95 
52,61 
53,25 


33,79 

54,55 

5^,3 

56,06 

56.8 

57,58 

58,34 

59,09 

59,8. 

60,  tii 

61,36 

62,12 


53.9062, 


54,55 
55,20 

5,85 
56,50 

57. 
57,80 

$±> 
59,10 

59,75 


,  °5 
61,70 

62,35 

63,00 
63,65 
64,29 
64,95 
;5>59 


66,89 

67,5 
68,19 
68,84 
69,49 


70,79 

7_£,44 
72,09 

72,74 
73,39 
74,°4 


39,82  46,04 
4o,47  46,79 
4i|i3 
41,78 


63,64 
64,40 
65,1 

65,9 
66,67 

67,43 
618,18 

68,94 

69,70 


60,4.0  70,46 


71,20 
71,96 

72,72 
73,48 
74,24 
74 

75,7^ 

76,52 

66,24  77,27 


78,03 

78,7-9 

79,55 
80,31 
81,06 


70,14  81,82 
81,58 
8_3_,33 
84,00 
84,85 
8;,6i 

IJ86,37 
87,12 
87,88 
89,64 
9°,  39 
77,^0=90,15 

77,93l9°,9? 


41  Degrees 


o  Min. 


i<;  ivim. 


Lat. 


,68  46 


47,55 
48,31 


42,43  +9,°6 
43,08  49,81 


43,74 
44,39 
45,04 
45,69 


46,35 

47,00 

47,65 
48,31 
48,96 
49,6 i 


53>59 

54,34 
J5,io 

55,85 

56,61' 

5  7, 3  6 


50,26  58,12 


50,92 

5*,  57 
52,22 


52,87  61,13 
6r,89 
62,64 
54,83  63,40 
55,49  64,15 


53,53 
54,18 


99  64 


57.45 
58,10 

58,76 

59,4<= 

60,0 

60,71 

61,36 

62,01 

62,67 

63,32 

63,97 

,63 

65,28 

65,93 
66,58 


,64  k8 


5°,  57 
5^32 
52,08 
52,83 


ifO,02 
40, 

4 1,  S3 

41,99148,12 

43 

43,96 

44,01 

44,27 
45,9 


58,87 

59,63 
60,38 


56,42 


57,08  65,41 


57,73 


58,39  66,92 


59,oj 
59>7° 


60,36  69,17 
61,01  69,92 


56^4  64,91 
56,79  65,°6 

66,42 

67,17 

67,92 

68,68 

69,43 
70,19 

7°,94 
71 

72,45 
73,20 

73,96 
74,72 
75,47 

76,23  66,26 
76,98166,92 

67^24  77.74  67,57 
67,89178,49(68,23 
68,54179,25  63,88 
69,19580,00^9,54 
69,85)80,7670,20 
7o,so!3',5il7°j33 


Dep.  I  Lat. 


45,86 

,61 

47,37 


,3049 


,88 
',62 

■5°,  3  7 
13 

51,88 

32,63 


46,58 
47,24 
47,39 
48,55 
49>2o 
49,86 
50,52 


51,17  58,64 
59,40 
60,15 


,49 


53,80 
54,45 
55," 


61,67 

62,33 

02,98 
63,64 
64,29 

64.95 
65,6 


40,16 

40,82 
41,48 
42,H 
42,80 

43: 

44,11 
44,77 
45,4'i 
46,16 


53,38 

54: 

54,89 

5,64 

56,39 

57,H 
37,89 


53,14  60,90 
01,65 
62,. 
63,16 

55,77  63,91 


49,45 
5^,07 
5C,77 
5r,43 
52,09 
5_2_,j7_5 

53,41 

54.07 

4^54,73 

55,38 


64,06 


66,16 


67,67 
68,42 


yj*5  01, 
1,5181, 


70,67 

7M3 

72. 

72,93 

73,68 

74,43 
***! 
75,94 
7b,6y 

77,44 
78,19 

78,94 

79,7 

80,45 

81,20 

,95 


7 1,15182,66;  7 
7i,8j|8_3_,o8  7_2_,j7  82,70 

83,45 
84,21 
84,96 

"5,7i 


72,46:83,7772,82 
73,n'84,53'73,48 
73,76]S5,28j74,i4 
74,<.a  86,04' 74,7 9  _ 
75,07^6,7975,45186,46 
75,72  87,55176,10587,21 
76,3888,3076,76^7,97 
77,03  89>o6'77,42|88,7^ 
77,68^9,81)78,07189,47 
78,33  90,56  78_,23|9o,22 


Lat.  I  Dep.  *  Lat.  |  Dep 

o  Min, 


Dep. 


46  49 


45,69 
46,44 

47,19 
47,93 
48,68 

,48 
50,18 

50,93 
51,6s 

52,43 


46,81 
47,47 
48,13 


48,80  5 -,42 


56,70 
57,36 
58,02 


5_9,34 
6o,oo! 
6o,66J 


64,01 

°5>27, 
9_5»94 
66,59 

67,25 

67,91 
68,57 
69,23 
69,89 
70,55 


30  Min.    |   45  Ivtin. ' 
jJep, 


Lat. 


40,42145,57 
41,08*46^6 
4i,75|47,oo 

42,4J  47,75 
43,07  48,49 


43,74 
44,4° 


53»i8 
53,93 
54,67 


56,17 

56,92 

57,67 
58,42 
59>*7 

9,9-1 
60,67 
61,47 
62,10 
62,91 


56,0463,0b 


64,41 
65,16 
65,91 


58^68  66,66 


67,41 

68,16 

08,90 
6 1,32' 69,65 
61,98170,40 

62,64  71,Ii 
63,3071,90 
63,96  72,65 


73,io 
74,15 
74,9° 
75,65 
76,3 
77,i'> 
7/,89 
"  64 
79,39 
80,14 


71,21180,89 
71,87181,6^ 
7^53|8J?39 

73,I9P3,I4 
73,8383,8s 
74,5 1 884,64 

75,  ^i8  5,39 

75,8S|86,i4 
76,48|S6,88 

77,r4]s7,65 
77,80168,3b 
78,46189,1 
79,'  2389,8 


Lat. 
45  Min. 


Dep. 


Dep.  1  Lat 


j_L 

•]45 


49,24 
49,99 


45»o6p5°»73 


45,7« 
46,38 


51,4s 
52,22 


47,°5 
47,7! 
48,37 


49,0455,21 


49,7° 


52,35 
53,01 


40,62 

41,29 

4i,95 
42,62 

43,28' 

43,95 
44,62 

45,28 
45,96 
46,61 


52,97 

53,72 

4,46 


55,9S 


50,36  56,70 
,i,oa?7,45 
51,6938, 


*9 

58,94 

19.^9 
6  0,43 
61,18 
61,92 
62,67 
65,42 


53.67 
54,34 
55,oo 
55,66 

56,33]  - 
56,99164,-10 

57,65  64,9 1 
58,31  65,65 
58,98  66,40 
59,^4^7. 
60,28167,89 
60,86868,00 

6i,53|69,3s 
62,19570,13 
62,85170,8  s 

°3,5I|7,,62 
64,18*72,37 
64,84j73,n 

65,5o!73,85 
66,26174,61 

66,93]75,35 

,59176, 

68,25576,84 

68,92577,59 

69,58p,33 
70,24^79,08 

9i)/'9'83 
7i,57fO,57 
72,23581,32 

72,^9|S2,o7 

73, 5  5p,8i 

74,21183,56 
74,83184^1 

75.54P5.o^ 
76,20185,80 
76,87186,54 

77,53j87,29 
7S,i9|8*,0  4- 
78,80^8,78 
79,5if89,53' 


9r67 


Lat, 


3* 


I  Dep. 


47,28 
47,94 
48,61 

49,28 
49,94  75 


5°»5X 
5', 17 
51,84 

52,5 1 
5J,f7 

-3,94 


55,27 
55,93 


57,27 
57,93 
58,60!  8 


59,26 
59,93 


61 
62 

63 
64 

65 

66 

67 
6S 
69. 

73, 
7* 

7z 

73 
74 


76 
77 

7S 

79 
80 

Si 


54,60    82 


83 
8-4 


56,60    85 


36 


89 
90 


6c,oo  91 
9a 
93 
94 
95 


61,26 
61,93 

62,59 

63,26 

63,93 
64,59 
65,25 
65,92 
60,59 

67,4  Jior 

67,92jioz 
8,59|io3 
69,251104 
69,921105 
70,58 
71,25 
7^92 
72,58 
73,25 

73,9i 

74,58 
75,25 
7>,9* 
76,5? 

77,34 
78,01 
78,68 
79,34 
79,9  > 
Lat 


97 

9S 

99 

100 


:o6 
107 
108 

09 
110 

51  I 

112 
II3 

I14 

"5 
116 
117 
118 
119 

120 


49  Degrees 


48  Degrees 


35° 


TRAVERSE    T  A  B  L  E,   712; 

42  Degrees g  43  Degrees 


Q.  Min, 


Lat. 


o,74. 
i*49 
2*23 
2*97 
3>72 
4,46 
5.20 

5*94 
6,69 

_7*43 
■11J  8,17 
J2I  3,92 
13!  9*66 


14 

35l 
16 


17 


10,40 


'2*6.3 

13*33 

39  14,12 

20  i4,86j 

1 5,6  j 

16,35 
17,09 

*83 


Dep, 


Lat.  [Dep 


0,6 

^34| 

2,0 
2,68 

3*35 
4,01 
4,  Of 

5*35 
6,02 
6,69 


I 


24I 

25I18 

26119,32 
20,06 
26,81 

2i*55 
22,29 


35 


45 


3*° 
23*7 
24*52 
25*?7 
26,01 
36l26,75 

27*49 
2S, 

8,98 
29,73 


3°*47 
31,21 

3i*95 
44|32*70 


33*4- 


46|34*'3 
4 


7*36, 
S,o3j 
8,7c| 

9*3" 
10,04 
10,71 

"*37 
04] 
12,7  ij 

14*°5 
14,72 

*5*39 
16,06 

l6>7i 

r7*4c 
18,07 

I8*73 
19,4 

20,-7 


15  Min. 


o*74 

1,. 

2,22 

2*96 

3*7 

4*44 

5,18 

5*92 

6,66 

7*4° 


30  Min. 
Lat.    Deo. 


8,14 

8,88 

9*63 

10,36 

11,10 


°*67| 
I*34f 

2,02j 
2,69! 

3*36 

4*°3 
4*7ii 
5*33'i 
6,od 

^13 


0,74 
i*47 
2,21 

2,95 
3*69 
4*4^ 
5,16 

5*9° 
6,64 

7. 


45  Min. 
Lat.    Dep. 


I     o  Min.     J    15  Min.     1    30  Min 


,73 
21,41 

22,0 

22*75 
23*42 
24,09 

4*76 

2  5*43 
£0,09 

^6,7 

2  7*4  3 
28,10 

8*77 
9*44 
0,10 

3°*7 
3'*44 


34*93.- 
„3  5*6732*" 
49|36,4i  32,78 


7,406  8,11 
8*o;|  S,85 
8,74|  9,58 
9*4I|io,32 
io,oS|,ii,o 
ii,S4'uo,76|ii,79 
I2,58jii,43|i2,a3 

13,32  I2„io|l3,27 

14,06  12, 77|i4,oi 
1^,^13,45114^75 

15,5414,12115,58 
16,2s  i4,79|io,22 
i7,o2ii5,46si6,96 
i7,76{i6,i3|I7,79 
13,501x6,8-118,43 
19,2417,47119,17 
19,98  18,15119,91 
18,82120,64 
I9*49|2i,33 
2,12 


1,46 
22,21 


>95 
23,63 

24*43 
7 

6,05 

27,39 
28,13 

8,87 
29,61 


3°,35 
31,09 

31,83 
32,57 
33,3J 
34*o5 
34*79 
35*53 
36,i/ 


50  32,^6  3jb4J>|37*°_[ 

37*9°|34*i3|37*75 
34.79338*49 
35*4^39.23 


5i 

52  38,64 

53  39*39 
54|4°>i3 
55140,87 
56Li,6i 
57142,36 
S%3,io 
5*3*54 

c|  Dep. 


20,84122,85 

3i*5i!23*59 
22, 19824,33 
,S6«25,07 
23.53|25,8oU3,64 
24,20^26,54  24,3 1 

24,87|27,2  8 

25*55pS,oi 
26,22 
6,89 


24,99 
25*°7 


28,7526,34 
29,49 


8, 08 


Lat.    Dep.  '  Lat.    Dep 


7*47|  **°4    7*5°!  8,o_ 

,1-58  8,78    8,i8|  8,74 

8,828  9*5*    8,S;|  9,47 

9,50110,24    9>55jjIO*2° 

io,i8|io,97  10,23110,92 

io,86|ii,7o|io,9ihi,65 

"  541I2,43  IT?59?i2  -< 

12,22 


3*^6 
I2,qo|i3,89 

iJ,_58F_4*6j 

i~S42  i4*25|I5>36 

4*93|I^°9 
5,6i|i6,82 

-    6,29|i7*S5 
i8,36ii6,97|i8,z3 
i7,65|T9,oi 

J8,33l19*74 
19,01  [20,47 
19,69121,21 


I2,28|I3,H 

12,96813,84 

'3>64Si4,57 


|17*73 
.  18,41 


°*94  22,76  21,04 
J*6-  23,5021,72 


15,702 

lb./lr  2 


27,02 

30,23  27,70 
30,9628,38 
31,69129,05 

32,43j29'73 
33**7  3°*4°  33,04 
33*9°31*^  33., 
34,6431,76334,5 
35*33  32,43  35**4 
3«,iij33*n  35,98 
3_6,86:3_3,7_3B3e.,72 
37*6o  34,46137,45 
38,18 
38,92 
59,65 


34>29i 

34,96538,34135,(3 
35*63|39.07j35,3i 
36,1.-839*97  36,3x339, 81.36,4s 
36,8c|4o,7i|36,98ko,55.37,K 
37)47|4I*45  37,65^4i,29|37>84 
38*i4|42.,i9 B8. 32^42*02  38,51 
3,8il42,93!38,j9'42j76J39,i9 
39,48|43»07]39*67''43*5°,39*s'-6 

Lat.  |  Dep.  i  Lat 


|Uep, 


Mm. 


o  '  48  D.-g 


45  Min. 


I  Lat 
"MinT 


22,40 
23,oS 
23,76 

4,44 
25,19 
25,82 
26,50 
27.15 


3j5*94 
34,62 
35,3° 
35,98 

30,60 

37*33 

38,01 

38,69141,6b 
42,4 
43*' 5 


2I,I4|22, 
21,82(23,30 

22,5124,02 

23*'9j24,75 
23,8)  25,4s 
^4,5526,21 
25,23J2b,94 
i5*9l  27,66 
20,0.(28 

i7i96|29*36 
28,6430,59 

29,33|3I*32 
30,01^32,05 

3o*69|32*77 

3I*37|33*5 
32,051134,23 

i2,74|34,96 

3*42|35*69 


7*54 
8,22 
8,91 

9*59 
10,28 
10,96 
11,05 
I2*33 
13*0- 

iiZf 

*4*39 

5*07 

l5>7t> 
ib,44 

J7*!3 
17,81 
1*5,50 
19,18 
19,87 
20,55 


_45  M 
Lat.    I 


7,98 

8,70 

9*43 
10,15 
ic,88 
11,60 

I2,33 

*3>°S 
13,78 

U>5} 

J5*23 
15,96 
16,68 
i7>4i 
18,13 
18,86 
19,58 
20,31 
21,03 
21,76 


Z'57|  7,95 


Ji>77  14,45 
*4>45 


15,83 
16,52 

17*21 
17,89 
18,58 
19,27 
9,96 
20,65 


*5**7 
'5*89 
16,6 

*7»31 

18,06 

!3,77 
19,50 
20,22 
20,94 

2I,&7 


39*37 
40,05 
4_9*73|4_i*8 
Lat.  (  Dep 


3iii°i 

34*7  8j 
3  *46 
36,15 
36,83 
37.5" 


16,4: 


5  iviin. 

\~j  Degrees 


37,15 

37*S7 

38,60 

39*33 
40,06 

is'19|4°*79 
i3,S7|4i,5i 

J9>5CJ42*24 

+  •'24^2,97 

+°_*  92|4_3^.oj4j;*^[4_3_>  53 

Lat.    Dep.  '  Lat. 

o:  Min,       ~45  MmT 


21,24122,4921,341122,39 

2I,92J23,2I22,03J23,II 

22»6lj23,94 22,71823," 

23,  -9|24,66  23,40J24,56 

98 25*39  24*09p5,28 
2b,  n  24,78^6,00* 
26,S4J25,47|26,73 
27,5626,16527,45 
28,2926,84)28,18 
29*^1  P7V53  2_8_ ,89 

29*74,  ^22  29,62 
30,4628,91  30,34 
31,19  29,60  3I,06 
31,91  3^,29!  3 1,78 
32,^430,97  32,50 
33*3631*0033,23 
34,0932,35  33,95 
34*32  33*04^34*67 
35*54  33.73l35.39l 
36,27  3J-*4il36*i2 


35*63 
36,31 

37,00 
37,6i 

38,37 
39*°5 
39*74 
f2 


34*94  36,99 


37,72 
38*44 
39**7 
39*89 
40,62 

4i*34 

42,07 
42,78 


4 
3M 

3 

3 


3_4*4J|3 
35*n|36,84J 

3  5*7913  7*5& 
36,4838,28 

37*I7j39'01 
37.86139,73 
38,55^40,45 
39,23^41,16 

39*92|4i*89 
40,61342,62  4 K 

4^*K43*344| 

Dep.     Lat.  3  Dep.  I 

"30~Min7~>"  15  mQ 


3M 

3  fa 
3 


40  Degrees 


TRAVERSE 

42  Degrees 


Mm. 
Dep. 


40,8 
4'*49 


33 

,32 

56)42,82 


43,49+8,11 


45>I5 
45*89 
-}6,63 

47*37 


44,16 
44>s3 
45' 5° 
46,17 
46,84 

47*5' 

48,1s 
48,85 

49*5 1 
50,18 
50,85 

52,19 
52,86 
S3»53 

54,20 
H)4|54>37 


15  Min. 
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BOOK     VII. 

OF     GLOBULAR     SAILING. 


SECTION     L 

Definitions  and  Principles. 

*>"f)V  Globular  failing,  is  meant  the  manner  of  eftimating  either 
X3  tne  difference  of  latitude,  difference  of  longitude,  departure, 
turfe  or  diftance,  from  any  two  of  them  being  known,  upon  princi- 
li  s  deduced  from  the  fphericai  figure  of  the  earth. 

In  the  preceding  parts  of  failings  the  operations  were  performed  as  if 
t  courfes  and  diftances  of  mips  had  been  tun  on  a  plane,  or  flat  furfac..;  ; 
It  that  this  cannot  be  true,  appears  from  what  was  faid  in  aft.  553. 
|>  which,  as  a  farther  proof,  there  may  be  added,  that  mariners,  as  they 
>i  from  northern  or  fouthern  latitudes  towards  the  equator*  obferve  the  ftars 
a>ut  the  poles  conftantly  to  diminifh  their  altitude  or  height  above  the  ap- 
Pent  horizon  :  It  is  alfo  well  known,  that  in  eclipfes  of  the  moon,  the 
dkened  part  is  bounded  by  a  circular  curve  ;  and  confequently,  the  body 
Vich  cafts  the  fhade,  or  obftru&s  the  light,  muft  be  bounded  by  a  like 
*ve:  But  as  this  objuration  is  caufed  by  the  earth*  confequently  its 
foce  muft  be  limited  by  a  circular  figure,  that  is ,  it  muft  be  globular. 

7,  a  7H- 
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714.  As  the  meridians  are  circles  on  this  globe,  meeting  in  the  po' 1 
it  is  obvious  that  any  two  of  tbefe  circles  rauft  recede  more  from  <e 
another  at  greater  diftances  from  the  poles  j  and  at  equal  diftances  fr  ft 
both  poles,  or  at  the  equator,  the  diftance  between  the  meridians  is  |e 
greaterc. 

The  true  place  of  a  fhip  at  fea,  depends  both  upon  its  diftate 
from  the  equator,  and  from  fome  noted  meridian}  and  becaufe  the  ik- 
ridional  diftance,  that  is,  the  diftance  between  two  meridians,  varies  n 
fevery  latitude ;  therefore  it  is  convenient  this  diftance  fhould  be  recko  4 
in  a  fixed  latitude,  and  where  the  degrees  are  of  the  fame  magnitle 
with  thofe  of  the  meridian,  which  can  be  no  where  but  at  the  equajr, 
where  60  nautical  miles  make  a  degree. 

715.  Now  a  fhip  failing  from  any  latitude  itpofi  an  oblique  rhu  t>, 
tmtil  fhe  has  made  a  known  departure,  will,  by  the  rules  of  plane  1- 
ing,  reckon  herfelf  tinder  the  fame  meridian,  whether  fhe  fails  to  ic 
northward  or  fouth ward  :  But  from  what  has  "been  faid,  this  cannot  m 
true;  for  the  fame  meridional  diftance,  which  in  this  cafe  is  takeiai 
departure,  will  not  ferve  two  different  latitudes  on  the  fame  fide  of  ;ie 
equator :  Therefore  the  common  methods  of  plane  failing  alone,  are  ot 
iufficient  to  fhew  the  fhip's   true   place,    a  neceflary  correction  big 

.  wanted  with  refpecl  to  her  longitude. 

This  incorrect  method  of  plane  failing  was  founded  on  the  ma] id 
in  which  the  fea  charts  were  at  firft  conftrucled  :  For  it  being  the  ill 
convenient  way  to  reprefent  the  meridians,  parallels  of  latitude,  ■ 
rhumb  lines  in  fuch  charts  by  right  lines,  where  the  meridians  fh<i 
be  parallel,  and  the  eaft  and  weft  lines  cut  them  at  right  angles :  Cop 
quently  the  diftances  of  the  meridians  in  every  parallel  were  equate 
their  diftances  at  the  equator ;  and  a  degree  on  any  parallel  of  latit  e, 
as  large  as  a  degree  on  the  equator ;  whereby  each  degree  of  longitucin 
thofe  parallels  was  increafed  beyOnd  its  juft  fiste,  in  proportion  a;  he 
equator,  or  its  radius,  is  greater  than  the  parallel,  or  its  radius. 

716.  Now  to  remove  thefe  material  objections  againft  the  feachts, 
a  different  method  of  conftruction  fhould  be  nfed  ;  and  it  had  < 
hinted,  fome  hundred  years  fince,  by  feveral  perfons,  that  the  degrefl 
latitude  in  fuch  charts  fhould  be  lengthened  as  they  approach  the  p<W 
and  accordingly,  about  the  year  1550,  the  firft  chart  of  this  kind 'as 
publifhed  by  Mr.  Gerrard  Mercator  a  Fleming  j  wherein  the  degrei  01 
latitude  were  gradually  lengthened  from  the  equator  towards  the  pCJi 
but  in  what  manner,  or  how  the  chart  was  conftru&ed,  he  didwt 
(hew. 

717.  About  the  year  1590  Mr.  Edward  Wright  an  :Englimman  d co- 
vered the  true  principles  upon  which  fuch  a  chart  fhould  be  conftrucd; 
which  was  to  increafe  the  degrees  of  latitude  as  they  approached  lit 
poles,  in  the  fame  proportion  as  the  degrees  of  longitude  between  ny 
two  meridians  decreed  on  the  globes :  But  it  was  not  till  the  year  :  9^ 

bat 
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(at  he  published  his  errors  in  Navigation  ;  wherein  he  fliews  the  prin- 
oles  of  the  true  fea  chart,  with  the  method  of  conducting  it  :  Ne- 
rthelefs,  the  charts  made  on  this  conftrudtion  are  called  Mercator  charts. 

A  true  method  of  computing  a  fhip's  place  at  fea  does  not  appear  to 
]ve  been  known  till  Mr.  Wright  publifhed  the  faid  book  ;  therefore 
iho'  the  chart  may  properly  enough  be  called  Mercator's,  yet  the  me- 
txl  of  failing  called  Mercator's,  ihouJd,  in  juftice,  be  named  from 
Jr.  Wright. 

J718.  The  difficulty  in  conftru&ing  a  true  fea  chart,  feems  to  have 
cjfifted  in  the  finding  a  proper  manner  how  to  apply  the  furface  of  a 
j»be  to  a  plane,  which  Mr.  Wright  happily  accomplilhed  by  a  moil  in- 
I  lious  conception  j  the  fubftance  whereof  is  as  follows. 


ift.  Suppofe  a  rectangular  plane  was  rolled  about  the  globe  until  the 
*;es  of  the  plane  met,  and  formed  a  kind  of  concave  cylinder  inclofing 
t   globe,  and  touching  its  equator. 


!id.  Conceive  the  furface  of  this  globe  to  fwell  (like  a  bladder  while 
s  blowing  up),  from  the  equator  towards  the  poles,  proportionally  in 
tude  as  it  does  in  longitude,  until  every  part  of  its  furface  meets  that 
I  the  concave  cylinder,  and  thereon  imprefs  the  lines  that  were  drawn 
c  the  globular  furface. 

jd.  Then  the  cylinder,  or  rectangular  plane,  being  unrolled,  it  will 
r  refent  a  fea  chart,  whofe  parts  bear  the  fame  proportion  to  one  an- 
il er,  as  do  the  correfponding  parts  on  the  globe:  But  herein  all  the 
litis  will  be  right  fines. 

7or,  in  this  formation  of  the  nautical  chart,  every  parallel  of  latitude 
o.the  globe  will  be  increafed  till  it  is  equal  to  the  equator  j  and  fo  the 
dance  of  the  meridians  in  thofe  parallels  will  become  equal  to  their 
d  ance  at  the  equator  j  confequently  the  meridians  on  the  chart  are  ex- 
pffed  by  parallel  right  lines. 

\Ko,  the  meridians  being  lengthened  as  the  parallels  increafed,  every 
dree  of  latitude  is  lengthened  in  the  fame  proportion  as  the  degrees 
Oilongitude  are  increafed  ;  therefore  the  diftances  of  the  parallels  of  la- 
fide  become  wider  and  wider  'as  they  approach  the  poles  :  But  thefe  pa- 
Kels  are  alfo  right  lines. 

Again.  As  the  rhumb  lines  on  the  globe  cut  the  meridians  at  equal 
ail«s,  they  will  alfo  on  the  chart  cut  the  meridians  at  equal  angles,  and 
Q'fequently  be  exprefled  by  right  lines ;  fince  none  but  right  lines  can 
ci  feveral  parallel  right  lines,  at  equal  angles. 

The  conftru&ion  of  fuch  a  chart,  Mr.  Wright  deduced  from  the. fol- 
ding principles. 

Zu  SECTION 
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SECTION    II. 

Of  the  reckoning  of  longitude       N 

719.  PROPOSITION    I. 

The  dijiance  hetween  any  two  meridians  at  the  equator, 

Is  in  proportion  to  their  dijiance  in  any  parallel  of  latitude ; 

As  the  Radius, 

To  the  cofme  of  that  latitude.  , 

Demonstration.    See  Fig.  i.    PI.  VIII. 

Let  pdfe  reprefent  the  fourth  part  of  afphere;  e  being  the  cent, 
V  the  pole,  ed  the  radius  of  the  equator,  ab  the  radius  of  a  parallel  ? 
latitude:  Then  the  arcs  ped,  pc^»  will  each  reprefent  a  quadrant  of  1 
meridian ;  d  d  is  an  arc  of  the  equator,  and  bc  an  arc  of  a  parallel  ? 
latitude;  alfo  the  arc  db  exprefles  the  latitude,  and  pb  the  compleme: 
of  the  latitude,  whofe  right  fine  is  ba.  (29 1 

Now  (262)  the  circumference  of  a  circle  whofe  radius  is  ed,  Is  to  is 
circumference  of  a  circle  whofe  radius  is  AB,  as  ej>  is  to  ab;  that  L 
3$  the  radius  of  the  equator,  to  the  radius  of  the  parallel ;  or,  as  rad \ 
to  the  cofine  of  the  latitude. 

But  like  arcs  are  in  the  fame  ratio  of  their  circumferences.  (233,  26) 

And  like  arcs  d.  d,  bc,  are  intercepted  between  the  fame  two  merir 
»$ns ;  therefore 

An  arc  of  the  equator,  is  to  a  like  arc  in  any  parallel  of  latitude; 

As  the  Radius,  to  the  cofine  of  that  latitude. 

720.  Corql.  Hence  it  is  eafy  to  conftrudt  a  table  mewing,  from  ip 
equator  to  the  poles,  the  approach  of  two  meridians  in  any  latitude  ;  f 
\n  what  proportion  the  degrees  of  longitude  diminifh  in  every  latitude,  ' 

721.  PROPOSITION     II. 

Any  part  of  a  parallel  of  latitude,  is  to  a  like  part  of  a  meridian^  I 
Radius  to  the  faant  of  the  lat.  to  that  parallel. 

Demonstration.     See  Fig.  2.    PI.  VIII. 

Let  pde  reprefent  a  quadrant  of  a  meridian,  where  p  is  the  pole,  J 
de  the  radius  of  the  equator;    ab  is  the  radius  of  a  parallel  of  111 
|ude,  or  the  cofine  of  the  latitude  whofe  fine  is  bf,  and  fecant  EC.  I 
Then     ef     :     eb     :  :     ed     :     ec  (3:) 

Or    cof.  lat,  :    Rad    :  :    Rad    :  fecant  of  the  lat.  to  that  parallel. 
But  cof.  lat-  :  Rad  :  :  part  of  a  parallel  :  like  part  of  the  equator.  (7: ) 
Therefore,  part  of  a  parallel  of  latitude,  is  to  a  like  part  oftheequatij 
As  the  Radius,  is  to  the  fecant  of  the  lat.  to  that  parallel. 
Now  like  parts  of  the  meridian  arid  equator  are  equal. 
Therefore  any  part  of  a  paral.  of  lat.  is  to  a  like  part  of  a  meridij  > 
As  Radius,  to  the  fecam  ot  the  Iavt.  to  that  parallel. 

r- 
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PROPOSITION    III. 


The  dijiance  of  any  parallel  of  latitude  (a)  from  the  equator,  is  ex- 
-.efed  by  the  fum  of  the  fecants  of  all  the  arcs  between  the  equator  and 
;it  parallel. 

Demonstration. 

Now  (721)  As  Radius,  to  the  fecant  of  the  latitude  a  ; 

So  is  a  diminifh'd  deg.  long,  in  lat.  a,  or  a  degree  of  that  parallel,  to  a  . 
igree  of  the  meridian. 

But  the  degrees  of  latitude,  or  of  the  meridian,  are  to  be  lengthened 
;  proportion  as  the  degrees  of  longitude  diminifh.  (7l7) 

:  Therefore,  As  Radius,  to  the  fecant  of  the  latitude  a  ; 

So  is  a  natural  deg.  of  the  meridian,  to  a  lengthened  deg.  in  lat.  A. 

FJere  radius  being  as  unity,  and  one  natural  deg.  as  unity  alfo  ; 

Therefore  the  length  of  a  degree  in  any  latitude,  is  as  the  fecant  of 
Ut  latitude,  or  may  be  exprerfed  by  that  fecant. 

Now  the  diftance  of  any  parallel  from  the  equator,  is  the  fum  of  all 

e  fucceflive  arcs  between  the  equator  and  that  parallel. 

Confequently  the  diftance  of  that  parallel,  is  exprefled  by  the  fum  of 

;  fecants  of  all  thefe  arcs  between  the  equator  and  that  parallel  of 

:itude. 

723.  Cqr.  Hence  it  appears,  that  by  the  addition  ©f  the  fecants  of 
tall  arcs,  the  diftances  of  the  parallels  of  latitude  from  the  equator  arc 
>tained. 

And  thefe  feveral  diftances,  which  are  called  meridional  parts,  being 
fpofed  in  a  table  correfponding  to  the  degrees  and  minutes  in  a  quadrant, 
rm  a  table  of  meridional  parts. 

And  this  was  the  excellent  difcovery  of  the  celebrated  Mr.  Wright3 
'  which  the  art  of  Navigation  received  greater  improvements  than  by 
hatever  had  been  done  before,  the  difcovery  of  the  mariner's  compafs 
xepted ;  and  indeed,  in  this  and  other  things,  he  fo  far  perfected  the 
t,  that  little  elf'e  was  wanted  befide  an  accurate  method  to  find  the 
ngitude  at  fea.  And  altho'  there  have  been  fince  his  time  many  emi- 
-nt  men  who  have  done  excellent  things  towards  the  rendering  of  Ne- 
gation more  perfect,  yet  if  the  real  ufe  of  fuch  things  be  ftri&ly  con- 
lered,  it  will,  perhaps,  be  found  that  they  amount  to  no  more  than 
her  methods  of  performing  the  ufeful  operations  j  except  what  has  been 
3ne  by  Mr.  Richard  Norwood  and  Dr.  Halley. 

724.  Mr.  Wright  made  his  table  for  the  divifion  of , the  nautical  me- 
dian, or  the  table  of  meridional  parts,  as  follows. 

The  meridional  parts  for  1  min.  he  made  equal  to  the  fecant  of  1  nain. 
The  mer.  parts  to  2  m.  equal  to  the  fum  of  the  fee.  of  1  and  2  min. 
The  mer.  parts  to  3  m.  equal  to  the  fum  of  the  fee.  of  1,  2  and  3  min. 
The  mer.  parts  to  4  m.  equal  to  the  fum  of  the  mer,  parts  of  3  min. 
fid  the  fee.  of  4  min. 
And  fo  on  by  a  conffant  addition  of  the  fecants. 

Now 


GLOBULAR    SAILING. 


Now  although  a  table  thus  made  is  abundantly  fufficient  for  all  n:  I 
tical  ufes,  yet  had  the  fecants  of  fmaller  parts  than  minutes  been  taki , 
the  table  would  have  been  more  correct :  And  therefore  Mr.  Oughtn  \ 
Sir  Jonas  Moore,  Dr.  Wallis,  Dr.  Haliey,  and  others,  have  been  indue  \ 
to  find  methods  pf  conftructing  thefe  tables  with  more  accuracy  than  I 
the  addition  of  the  fecants  to  every  minute. 

But  a  table  of  meridional  parts  conftrufted  by  the  moft  accurate  n . 
thod,  only  fhews  that  Mr.  Wright's  table  does  no  where  exceed  the  tis 
meridian"parts  by  half  a  minute,  and  this  only  near  the  pole ;  for  i 
latitudes  as  far  as  navigation  is  practicable,  the  difference  is  fcare  Kl 
ftble. 

A  table  of  meridional  parts  being  obtained  (fee  art.  827),  the  mel- 
dians  and  parallels  of  latitude  for  a  fea  chart,  wherein  the  fituation  t 
places  will  bear  the  fame  proportion  to  one  another  a$  on  the  globe,  m  * 
Be  conftruc~ted  by  the  following 

725.  PROPOSITION    IV. 

To  cwftruR  a  fea  chart  which  Jhall  contain  a  given  number  of  degrtet ? 
latitude  and  longitude. 

Stmpofe  from  the  latitude  of  23  degrees  N.  to  the  jat.  of  59  degr< ; 
N.,  and  for  to  contain  80  degrees  of  weft  longitude  from  the  meridi 
of  London. 

Solution. 

■ 

ift.  Write  the  feveral  included  degrees  of  latitude  orderly  under  0 
another  in  a'column,  the  great?ft  being  uppermoft. 

2d.  Then  beginning  at  the  lower  one,  againft  each  degree  write,  : 
another  column,  the  differences  between  the  meridional  parts  ©f  the  lefl 
latitude,  and  thofe  of  the  other  given  degrees  of  latitude. 


3d.  pivide  each  of  thefe  meridional  parts  by  60,  fetting  the  quotieif 
fcgainft  their  refpe&ive  dividends,  in  another  column  ;  and  thefe  will  I 
the  meridional  parts  reduced  to  degrees  of  longitude,  and  exprefs  ti 
meafures  of  the  divifions  for  the  meridional  degrees. 

If  the  meridional  parts  to  divifions  between  the  degrees^were  wante 
they  are  to  be  taken  from  the  table  of  meridional  parts  in  the  fan 
manner. 

Thefe  three  articles  are  exemplified  in  the  following  table  j  whic 
ajtho'  made  to  ferve  from  the  equator  to  72  degrees  of  latitude,  yet 
will  ferve  for  any  intermediate  limits,  by  fubtra£ting  the  meridion 
degrees  belonging  to  the  latitude  where  the  chart  is  to  begin  i 
from  thofe  of  aU  the  latitudes  the  chart  is  to  contain  j  of  the  fever 
remainders  make  a  table,  and  thefe  will  be  the  numbers  to  be  transfern 
to  the  chart,  as  fhewn  in  what  follow* 


A  Tabi 
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A  Table  for  conjlruRing  a  Mercator  chart. 


Lat. 

Mer. 

Mer. 

Lat. 

54 

Mer. 

Mer. , 

Lat. 
36 

Mer. 

Mer. 

Lat. 

Mer 

Mer* 

Parts 

Deg. 

Parts 
3865 

Deg. 

64,4 

Parts 
2318 

Deg. 

38,6 

Parts 

Deg. 
18,3' 

'   72 

6335 

105,6 

18 

1098 

'   7i 

6146 

102,4 

53 

3764 

62,7 

3> 

2244 

37*4 

•    '7 

io35 

17.2 

70 

5966 

99»4 

•52 

3665 

61,1 

34 

2171 

36,2 

16 

0973 

i6,z 

69 

6795 

96,6 

51 

3569 

59>5 

33 

2ico 

35>o 

1   15 

o-qio 

19,2 

68 

<»€>3*' 

93.3 

5° 

347  <; 

57.9 

32 

2028 

33,8 

H 

0848, 

i4»x 

•      67 
66 

5474 
53H 

91,2 
88>7 

49 

48 

3382 

56*4t 

3i 

r'   , 
30 

1958 
1888 

32,6, 

x3 

078/. 

%M 

3292 

54-8 

.    12 

0725 

1 2, 1  j 

\  *5 

5>79 

86,3. 

47 

3203 

53.4 

29 

1 8 19 

3°»3> 

11 

0664 

1 1, 1 

64 

5040 

84,0 

46 

31 16 

5*>9 

28 

'75* 

29,2' 

10 

0663 

10,1 

63 

490  q 

81,7 

45 

3030 

50»5 

27; 

1684 

28,1 

9 

0542 

9,0 

62 

4775 

79>6 

4+ 

2946 

49. ! 

26 

1616 

26,9 

8 

0482 

8,0' 

6t 
60 

4649 
4527 

77»5 
75*5 

43 
42 

2863 
2782 

47>7 
46,4 

25 
24 

1550 
1484 

25,8- 

H>7 

.     7. 

0421 

7»° 

6 

0361 

6,0 

•59 

4409 

73.5 

4« 

2702 

45,0 

23 

1419 

23,6 

5 

0300 

5,0: 

5« 

4294 

71,6 

40 

2623 

43>7 

22 

1354 

22,6 

4 

0240 

4,0 

57 

4183 

69>7 

39 

2545 

42>4 

21 

1289 

21,5 

3 

0180 

mi 

5<> 

4074 

°7»9, 

38 

2468 

41,1 

20 

1225 

20,4 

2 

0120 

2,0 

1  ^5 

3968 

66,1 

37- 

2393 

39*9 

ffl 

E  l6l 

J9>3 

1 

0060I 

1,0 

4th.  Draw  a  line  ab  (fee  Plate  VII.)  to  reprefent  a  part  of  the  pa* 
tllel  of  latitude  where  the  chart  is  to  begin  (which  in  this  example  is 
le  parallel  of  23*) ;  and  on  this  line,  by  the  help-of  a  fcale  of  equal 
arts,  lay  a  number  of  fucceflive  divifions  to  exprefs  thepropofed  nura* 

er  of  degrees  of  longitude. 

Thus  80  degrees  of  longitude  being  propofed;  from  "feme  (bale  take 
<ne  of  the  primary  divifions,  and  this  diftahce  being  repeated  8  fucceflive 
mes  in  the  line  ab,  will  give  divifions  to  every  toth  degree  of  longi- 
ide;  and  then  let  the  intermediate  degrees  be  inferted,  whereby  A» 
/ill  be  divided  into  80  equal  parts  of  that  {bale;  which  in  this  example, 
;  the  fcale  where  13  fubdivifions  or  degrees  make  an  inch :  And  in  like 
tanner  the  p<trts  of  degrees  may  be  inferted. 

5th.  From  the  ends  a,  b,  draw  lines  AD,  bc,  perpendicular  to  ab  j 
nd  on  fhefe  lines  lay  the  divifions  exprefled  by  the  meridional  degrees 
1  the  foregoing  table,  beginning  at  the  line  AB. 

Thus  did  the  chart  begin  at  the  equator,  and^o  to 70 -degrees  -<?f  la- 
tude  ;  for  70  deg.  take  99,4;  for<6o,  deg.  take  96^6  j  for  -68  deg.  take 
3,8,  tifr.  j  and  thefe  divifioris  taken  from  tjie  fame  fcale,  and  laid  fe- 
erally  on  ad,  bc,  will  give  the  divifioris  for  the  degrees  of  latitude  in- 
jreafed  in  their  true  proportion  j  and  the  like  for  the  intermediate  parts 
f  degrees, 
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But  the  chart  beginning  at  23  deg.  of  lat.  the  meridional  degrees  2  6 
anfwering  to  23  deg.  of  lat.  are  to  be  fubtra£ted  from  thofe  belong  jgj 
to  all  the  latitudes  introduced  in  the  chart,  and  the  refpective  remainc  £ 
are. to  be  fucceffively  laid  off  from  a  and  b  towards  d  and  c.     Thus  I 

katit.     SQ*      58*     57*     56*    *q*     <J4*     SI*     <?2»  I   ci°    &c. 


From 
Take 


71,6 


69»7 
23>6 


67>9 
23,6 


66,1 
23>6 


64,4 
23,6 


62,7 
23>6 


52']  51' 

61,1  [59,5 
23,6  23,6 


&c. 
&c. 


Leaves  49,9  48,0  46,1  44,3  42,5140,8  39,1  37*5 1 35f9  &c' 
For  the  feveral  meridional  degrees  of  latitude  to  be  taken  from  the  fat 
fcale  ufed  for  the  degrees  of  longitude. 

6th.  Praw  lines  thro*  the  feveral  cofrefponding  divifions  of  Iatitu 
and  they  will  reprefent  the  parallels  of  latitude :  Alfo  lines  drawn  th 
the  divifions  of  longitude,  will  exprefs  the  meridians  or  parallels  of  1< 
gitude  :  But  in  this  example,  the  meridians  and  parallels  are  drawn  0; 
to  every  10  degrees. 

^tru  From  fome  point  of  the  chart  as  a  centre^  let  the  rhumb  lines  5 
drawn* 

726.  Note,  the  difference  between  the  meridional  parts  to  two  ghi 
latitudes,  is  called  the  meridional  difference  of  latitude;  to  diftingui 
it  from  th«  difference  of  latitude  of  thofe  two  places,  reckoned  in  mis 
of  the  equator,  and  which  is  called  the  proper  difference  of  latitude.' 

In  a  chart  thus  conftru&ed,  every  place  may,  by  its  latitude  and  1(1 
gitude,  be  laid  down  in  its  true  pofition,  with  regard  to  other  plactj 
and  with  as  much  accuracy  as  on  the  globe  itfelfj  the  diftanees  of  ip 
meridians  and  parallels  of  latitude  having  the  fame  proportion  to  one  a 
other  in  both :  Thus  on  the  globe,  the  diftance  of  two  meridians  in  IB 
parallel  of  60  degrees  is  half  their  difrance  at  the  equator,  becaufe  \t 
cofine  of  60  degrees  is  half  the  radius  (319)  J  fo  in  the  chart,  at  tl 
latitude  of  60  degrees,  the  meridional  difference  of  latitude  to  1  minip 
is  double  to  the  meridional  difference  of  latitude  of  1  minute  from  tp 
equator,  the  fecant  of  60  degrees  being  double  to  the  radius  (32$);  al 
the  like  analogy  holds  in  other  correfponding  latitudes. 

Now  as  the  meridians  are  parallel  right  lines,  the  parallels  of  latitii 
cutting  the  meridians  at  right  angles,  and  the  rhumbs  alfo  being  rigs 
lines ;  therefore  fuch  a  chart  is  of  more  fervice  to  the  mariner  for  m : 
purpofes,  than  the  globe  is. 

The  properties  of  the  feveral  lines  and  angles  concerned  in  failing 
this  chart,  will  be  fhewn  in  the  following  proportions. 


pRoPcmfio' 
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PROPOSITION     V. 

727.  If  a  Jhip  fails  on  any  oblique  rhumb,  the  proper  difference  of 
Htude  to  the  departure,  the  meridional  difference  of  latitude  to  the  diffe- 
%e  of  longitude,  and  the  radius  to  the  tangent  of  the  courfe9  are  all  in  the 
Tie  ratio.     See  Fig.  1.     Plate  VII. 

Demonstration. 
Suppofe  a  (hip  from  p  in  the  latitude  of  30  deg.  N.  mould  fail  on 
:  rhumb  ps,  to  s  in  the  latitude  of  4.0  degrees  north. 
Now  becaufe  (he  has  made  10  deg.  ofdifF.  lat.  j    make  po,  in  the 
mdian,  equal  to  10  degrees  of  the  equator;   and  draw  or  parallel  to 
[-,  meeting  the  rhumb  ps  in  R. 
Then  po  expreffes  the  proper  difference  of  latitude. 
or  the  departure. 

pr  the  difrance  failed,  in  equatorial  meafure. 
Z.OPR  is  the  angle  of  the  courfe. 
And  r  is  the  apparent  place  of  the  (hip. 

Jut  fhe  having  made  10  deg.  diff.  lat.  fhould  be  in  the  parallel  of  40 
l  rees ;  therefore  her  place,  when  corrected  by  longitude,  will  be  in  s. 
Then  qs  will  be  the  difference  of  longitude. 
And  po^the  meridional  difference  of  latitude. 
>Iow  the  triangles  por,  pqs,  are  fimilar. 

irherefore    po     :     or     :  :     po^   :    qs.  (250) 

Alfo     po     :     or     ::    Rad    :    t.  aopr.  (341) 

?onfequently.     As  the  proper  diff.  lat.,  to  the  departure  ; 

So  the  merid.  diff.  lat.,  to  the  diff.  longitude. 
And    So  is  the  Radius         ,  to  the  tang,  of  the  courfe. 

PROPOSITION    VI. 

28.  The  tangents  of  the  angles  which  different  rhumbs  make  with  the 
vidian,  are  direclly  proportional  to  the  differences  of  longitudes  made  on 
th\  rhumbs  to  equal  meridional  differences  of  latitude  :  Or,  are  reciprocally 
prortional  to  unequal  meridional  differences  of  latitudes  on  thofe  rhumbs , 
n>n  the  differences  of  longitude  are  equal.     See  Fig.  r.     Plate  VII, 

Demonstration. 

et  qs,  qv,  be  the  differences  of  longitudes  made  on  the  rhumbs 
?S  pv,  to  the  common  merid.  diff.  lat.  pqj  alfo  pw,  po^,  be  the  me- 
rional  differences  of  latitudes,  on  the  fame  rhumbs,  to  the  equal  dif- 
fcttces  of  longitudes  wx,  qv. 

owpq^:  qv  ;  :  R  :  tarn  Z.QPV  (341).     Therefore  qv  x  R  =  pq^ 
Xn.  ^qpv.  (245) 

lfo  pqj  qs  : :  R  :  tan.  /Lqps. 

onfequently  qv  :  qs  :  :  tan.  Z.QPV  :  tan.  Z.QPS.  (23^) 

gain,     pw  :  (wx  =)  qv  :  :  r  :  tan.AwPX, 

'herefore  qv  x  R  =  pw  x  tan.  z.wpx.  (245) 

it  qv  x  R  =  PQ_X  tan.  Z_QPV,  found  above. 

herefore  pw  x  tan.  Z-WPX  =  pq^x  tan.  Z_qpv.  f  r37) 

bnfequently  po  :  pw  ::  tan.  Z-WPX  :  tan.  ^LQpv.  (246) 

Aaa  PROPOSI- 
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PROPOSITION    VII. 

729.  If  a  fhip  fails  on  feveral  different  rhumbs,  the  whole  meridio 
diff.  lat.  is  equal  to  the  fum,  or  differences  of  all  the  fucceffive  merid.it  \ 
differences  of  lat.  :  And  the  whole  diff.  long,  is  alfo  equal  to  the  fum  i 
differences  of  all  the  fuccejjive  differences  of  longitudes  :  Obferving  to  1 1 
the  fums^  when  of  the  fame  na??ie  \  and  the  differences  when  of  contr  j 
names.     See  Fig.  2.     Plate  VII. 

Demonstration. 

jft.  Suppofe  a  fhip  fails  from  E  in  the  lat.  of  23?N.  to  G  in  the  . 
jrallel  of  26  cleg.  N.     Then  e  g  ■==.  mer.  diff.  lat.  and  g  g  =.  diff.  lonpj 

2d.  From  g  to  h  in  the  parallel  of  28deg.  Then  G  h  =  diff.  t 
and  b  n  ~  diff.  long. 

Now  e  m  ■=.  E  g  -j-  G  h,  is  the  whole  diff.  latitude. 

And  m  h  z=z  m  h  —  h  h,  is  the  whole  diff.  longitude. 

3d.  She  fails  weft  from  h  to  1 :  Here  me  only  alters  her  longitd 
by  Hi;  fo  that  her  prefent  diff.  long,  is  m  I. 

4th.  In  failing  from  1  to  K,  fhe  increafes  her  diff.  long,  by  k  k,  fn 
mi  to  g  k:  ;  and  decreafes  her  diff.  lat.  by  1  £,  from  e  m  to  Eg. 

5th.  In  failing  north  from  K  to  p,  the  diff.  long,  p  p  continues  I 
fame  :  But  the  diff.  lat.  is  increafed  by  kp,  from  e  g  to  e  p. 

6th.  In  running  eaft  from  P  to  m,  the  diff.  lat.   E/>does  not  alt 
But  the  cliff,  long,  is  diminifhed  from  p  p  to  p  m. 

7th.  By  going  from  M  to  n  j  the  diff.  lat.  is  increafed  by  m  /,  f  1 
Ep  to  e  q  :'  And  the  diff.  long,  is  changed  from  p  m,  or  ql  to  q  n. 

Confequently,  the  whole  diff.  lat.  Eq  is,  equal  to  the  fums,  or  d:l 
rences  of  all  the  differences  of  lat.  j  and  the  fame  of  q  n,  the  whole  | 
ference  of  longitude. 


PROPOSITION    VIII. 

730.  If  the  courfe  betiveen  any  two  places,  outwards  and  homewards  ji 
pn  the  oppcfte  rhumbs  ;  then  in  each  cafe,  the  differences  of  latitude,  1 
partureSy  and  differences  of  longitude^  will  always  he  the  fame.  SeeFij^ 
Plate  VII. 

Demonstration. 

Suppofe  a  fhip  at  a  in  lat.  25  deg.  N.  mould  fail  on  one  rhumb  tc| 
latitude  40  deg.  N.  fo  as  at  the  end  of  eyery  third  day  to  alter  her  | 
lat.  5  deg.  or  300  miles  j  and  to  return  on  the  opponte  rhumb  in  n\ 
fame  manner. 

Thro'  the  interfecSrions  a  of  this  rhumb  with  the  parallel  of  ef] 
5  deg.  draw  meridians;  make  ad,  of,  each  equal  to  5  common  g 
of  the  equator  ;  arid  draw  d b,  fe,  parallel  to  the  parallels  of  latitud 

Then  are  the  lines  a  d,  the  proper  differences  of  latitudes  outward  t< 
each  third  day's  account,  which  muff  be  every  where  equal ;  and  ; 
the  equal  lines  af%  are  the  differences  of  latitudes  homewards,  to  hj 


]ike  accounts. 


•I 
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The  lines  db  outwardsj  and  f  e  homewards,  are.  the  departures  to 
l:h  third  day's  account. 

The  lines  a  b  outwardsj  and  a  e  homewards,  are  the  diitances  run  to 
►h  third  day's  account. 

The  meridian  lines  a  c  outwards,  and  a  n  homewards,  are   the  me- 

onal  differences  of  latitude;  and  the  weft  and  earl  lines  c  a  outwards 
il  n  a  homewards,  taken  on  the  parallels  of  latitude,  are  the  diffe- 
ices  of  longitude. 

^ow  it  is  evident  from  the  conftru<£r.ion,  that  the  triangles  a  d  bt  afe$ 
nach  account  are  equal  to  one  another. 

Alfo,  that  the  meridional  differences  of  latitude,  and  the  differences 
>.!ongitude,  to  the  accounts  between  the  fame  parallels  of  latitude 
>  wards  and  homewards,  are  refpeclively  equal  to  one  another. 

/Onfequently  the  truth  of  the  proportion  is  manifeft. 


PROPOSITION    IX. 

31.  The  divifions  of  the  meridian  line  on  the  Mer cater' s  chart,  is  a  table 
\j  he  differences  of  longitude  anfwering  to  each  minute  of  latitude  on  the 
'i  nb  line  making  an  angle  of  45  degrees  with  the  meridian.     See  Fig.  1  i 

Demonstration. 

!  ,et  pv  be  a  rhumb  of  45  degrees. 

"hen  fince  pqjs  at  right  angles  to  qv. 

"herefore  Z.qpv  =  Z.QVP,  each  being  half  a  right  angle, 
:  lonfequently  qv  =  qp.  (r94-) 

Jow  PQ^is  the  fum  of  all  the  meridional  differences  of  latitude  be* 
tven  the  parallels  thro'  P  and  o\_  ,  (723) 

ind  qv  is  the  Aim  of  all  the  differences  of  longitude  between  the  me- 
rlins thro'  o^and  v. 

"herefore  on  a  rhumb  of  45  degrees,  the  fum  of  all  the  differences 
ifongitude^  is  equal  to  the  fum  of  all  the  meridional  differences  of 
laude. 

!ut  the  fum  of  all  the  meridional  differences  of  latitude,  is  the  fame 
»she  nautical  meridian.  (724) 

'onfequently.  On  a  rhumb  of  45  deg.  the  difference  of  longitude,  or 
thfum  of  all  the  intermediate  differences  of  longitude  to  every  minute  of 
a'ude,  is  equal  to  the  correfponding  parts  of  the  nautical  meridian 


32.  In  the  Philofophical  Tranfa&ions,  N°2I9,  Dr.  Halley  has  given 

*  ry  curious  paper  relating  to  the  divifion  of  the  nautical  meridian,  by 
a  lite  different  method  from  Mr.  Wright's ;  and  becaufe  it  contains 

*  ;thod  of  performing  the  problems  of  failing  according  to  the  true 
ch  t,  by  the  help  of  the  common  table  of  logarithmic  tangents,  with- 
aua  table  of  meridional  parts  j  .therefore  the  fubftance  of  that  paper  is 
ta  annexed, 

A  s  »  a  The 
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The  Doctor  fays:  "  It  was  firft  difcovered  by  chance,  and,  as  j 
M  as  I  can  learn,  firft  publiftied  by  Mr.  Henry  Bond,  as  an  addition  i 
li  Norwood's  epitomy  of  Navigation,  about  the  year  1645,  that  t\ 
"  meridian  line  was  analogous  to  a  fcale  of  logarithmic  tangents  of  half\\ 
**  complements  of  the  latitude.  The  difficulty  to  prove  the  truth  of  tj| 
«c  propofition,  feemed  fuch  to  Mr.  Mercator,"  (an  ingenious  mathem  1 
tician  then  living,  and)  "  the  author  of  the  Logarithmotechnia,  tr 
"  he  propofed  to  wager  a  good  fum  of  money,  againft  whofo  wot 
"  fairly  undertake  it,  that  he  fhould  not  demonftrate  either,  that  itw 
*'  true  or  falfe  :  And  about  that  time  Mr.  John  Collins  holding  a  cc 
"  refpondence  with  moft  of  the  eminent  mathematicians  of  the  age,  c 
**  excite  them  to  this  enquiry. 

"  The  firft  that  demonftrated  the  faid  analogy,  was  the  excellent  & 
"  James  Gregory  in  his  Exercitationes  Geometricse,  publifhed  an: 
"  1668,  which  he  did,  not  without  a  long  train  of  confequences  a 
*c  complication  of  proportions,  whereby  the  evidence  of  the  demonftr 
**  tion  is  in  a  great  meafure  loft,  and  the  reader  wearied  before 
attains  it :"  The  Doctor  proceeds  and  fays,  '•  nor  hath  any  one,  tr 
**  I  know  of,  yet  difcovered  the  rule  for  computing  independently  t 
"  interval  of  the  meridional  parts  anfwering  to  any  two  given  latitudes 

The  Doctor  then  in  a  very  elegant  manner  gives  the  demonftrati 
of  the  faid  analogy  ;  and  draws  feveral  ufeful  conclufions  :  But  as  hii 
felf  confefles,  he  is  too  concife  for  learners  j  and  the  writers  on  tl 
fubject  have  been  rather  more,  or  at  leaft  as  concife  as  the  Dodo 
therefore  in  order  to  fet  this  affair  in  a  clear  light,  and  keeping  to  t 
Doctor's  principles,  it  was  thought  convenient  to  difpofe  of  the  fubjt 
in  the  following  manner :  But  the  faid  propofition  may  be  proved  frc 
very  different  principles  than  thofe  ufed  by  the  Doctor. 


PROPOSITION    X. 

733.  On  the  Globe,  the  rhumb  lines  oblique  to  the  meridians  are  fpirc, 
which  continually  approach  the  poles  but  never  meet  them. 

Demonstration. 

In  any  place  on  the  furface  of  the  globe,  the  rhumb  running  noit 
and  fouth,  coincides  with  the  meridian  of  that  place;  the  eaft  and  wt 
rhumbs  are  perpendicular  to  the  meridian,  and  the  other  rhumbs  ;R 
oblique  to  it:  But  this  obliquity  is  the  fame  under  every  meridiai 
therefore  all  the  rhumbs,  except  the  north  and  fouth,  cut  the  meridkl 
at  equal  angles. 

When  right  lines  are  parallel  to  each  other,  a  right  line  will  cut  th<l 
at  equal  angles  (185):  But  not  fb  when  the  lines  are  inclined  to  oP 
another  ;  therefore  feveral  inclining  lines  cannot  be  cut  at  equal  ang' 
but  by  a  curve  line  bending  towards  the  place  where  thofe  lines  woif 
meet. 

Now  the  meridians  on  the  globe  meeting   in  the  poles,  are  inclir 
to  one  another;    therefore  the  oblique  rhumbs  cutting  them  at  eq'» 
angles,  are  curve  lines  continually  approaching  the  poles. 

If 
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But  in  every  latitude,  an  oblique  rhumb   runs  between  the  prefent 
I  rallel  and  the  pole. 
And  a  line  cannot  cut  feveral  other  lines  at  equal  angles  in  one 

l'nt* 
Confequently  the  rhumb  lines  are  fpirals,  which  continually  wind 

1  jnd  the  poles  without  ever  falling  into  them. 

PROPOSITION    XL 

734.  The  fpiral  rhumbs  on  the  globe  are  of  the  fame  kind  with  the 
fportional  fpiral*     See  Fig.  3.     Plate  VIII. 

Demonstration. 

Let  caeb  reprefent  part  of  the  ftereographic  projection  of  the  fphere 
t  the  plane  of  the  equator;  where  aeb  is  part  of  the  equator,  c  the 
jle,  ca,  cd,  ce,  &c  are  meridians ;  and  the  fpiral  a  de  f  one  of 
t:  rhumbs. 

Now  in  every  ftereographic  projection,  the  lines  therein,  interfe&ing 
c  :h  other,  form  angles  equal  to  the  angles  on  the  fphere  which  they 
jirefent.  (432) 

Therefore  the  projection  of  the  rhumb  line  Ade  f,  cuts  the  radii  or 
I  ridians  ad,  ae,  &c.  at  equal  angles. 

But  this  is  a  property  alfo  of  the  proportional  fpiral.  (29T) 

Therefore  the  fpiral  rhumbs  are  analogous  to  the  proportional  fpiral. 

735.  Cor.  Hence  the  differences  of  longitude  ad,  ae,  af,  &V.  are 
t:  logarithms  of  the  intercepted  parts  c  d,  c  e>  cf  &c.  of  the  me- 
lians.  (292) 

P  R'O  POSITION    XII. 

736.  The  logarithmic  tangents  of  the  half  complements  of  the  latitudes,  are 
tilogous  to  the  lengthened  degrees  in  the  nautical  meridian  line. 

Demonstration.    See  Fig.  3.    Plate  VIII. 

Let -the  figure  cadeb  be  part  of  the  ftereographic  projection  of  the 
f  ere  on  the  plane  of  the  equator  as  in  the  laft  proportion :  And  on 
ajr  rhumb,  let  the  points  a,  d,  e,  f9  Sec.  reprefent  certain  places  on 
t:  globe,  whereof  a  is  a  point  in  the  equator  ;  then  will  d  d,  e  e,  fJ> 
i.  exprefs  their  latitudes  ;  and  the  arcs  ad,  ae,  af,  &c.  their  diffe- 
rices  of  longitude  from  A  ;  alfo  c  being  the  pole,  the  lines  c  d,  c  et 
<",  &c.  are  the  complements  of  latitude.. 

Now  in  this  projection,  the  lines  cd,  c  e,  cf,  &c.  are  equal  to  the 
tigents  of  half  the  co-latitudes.  (428) 

And  the  differences  of  longitude  ad,  ae,  af,  &c.  are  the  logarithms 
c  thofe  tangents,  or  of  the  lines  c  d,  c  e,  cf  Sec.  (292) 

Therefore  the  differences  of  longitude  are  as  the  logarithmic  tangents 
othe  half  co-latitudes. 

But  the  lengthened  degrees  on  the  nautical  meridian,  are  as  the  diffe- 
rices  of  longitude  on  the  rhumb  of  4,5  deg.  (73 0 

Conf.- 
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Confequently,  the  log.  tangents  of  the  half  co-latitudes,  are  as  tl 
lengthened  degrees  on  the  nautical  meridian* 

737.  Cor.  I.  When  the  angle  between  the  rhumb  line  and  the  m< 
ridian  is  equal  to  45  deg. ;  then  the  longitudes  of  places  on  that  rhumb  ai 
exprefled  by  logarithms  of  Nepier's  kind  (295) ;  whofe  correfpondir 
numbers  are  natural  tangents  of  the  half  co-latitudes  (not  to  degrees  ar 
minutes,  but)  to  arcs  exprefled  in  parts  of  the  radius; 

738.  Cor.  II.  Hence  to  any  two  places  on  a  rhumb  of  45  deg.  tl 
difference  of  longitude,  or  the  meridional  difference   of  latitude  (731 
is  equal  to  the  difference  of  the  Neperian  logarithm  tangents  of  the  ha, 
co-latitudes  of  thofe  places,  efHmated  in  parts  of  the  radius. 

739.  Cor.  III.  As  there  may  be  an  indefinite  variety  of  rhumbs,  ar 
therefore  as  many  different  kinds  of  logarithms  (294);  confequently  evci 
fpecies  of  logarithms  has  its  peculiar  rhumb,  diftinguifhable  by  the  ang 
it  makes  with  the  meridian :  And  among  thefe  muft  be  two,  whereto  tl 
differences  of  longitudes  are  the  differences  of  the  logarithm  tangents  1 
the  half  co-latitudes,  eftimated  in  minutes  of  a  degree^  one  of  whic 
belongs  to  Nepier's  form  of  logarithmic  tangents,  and  the  other  1 
Briggs's,  or  the  common  logarithmic  tangents. 

740.  Cor.  IV.  Hence  in  every  point  of  thefe  rhumbs,  the  differen< 
of  the  logarithms  anfwering  to  the  radii  of  thofe  points  (or  of  the  log; 
rithmic  tangents  of  the  half  co-latitudes  of  thofe  points)  are  the  true  di 
ferences  of  longitude  made  by  a  (hip  in  failing  on  that  rhumb  thro'  tl 
latitudes  of  thofe  fuccemve  points. 

proposition  xnr. 

741.  The  common  logarithmic  tangents,  are  the  fame  as  a  table  of  t,\ 
differences  of  longitude  to  every  minute  of  latitude^  on  the  rhumb  line  maki>\ 
an  angle  with  the  meridian  of  510  38'  09". 


Demonstration. 
Suppofe  z  to  reprefent  the  meridional  difference  of  latitude  betwer 
two  places  on  the  rhumb  of  45  degrees  ;  or  (736)  the  difference  betwe« 
the  logarithmic  tangents  of  the  half  co-latitudes  of  thofe  places ;   eft 
mated  either  in  parts  of  the  radius,  or  in  minutes. 

Then,  As  the  circumf.  in  parts  of  the  radius  62831,853,  (271 

To  the  circumf.  in  min.  of  a  degree         21600; 
So  is  a  mer.  diff.  lat.  in  parts  of  the  radius  s, 
To  a  mer.  diff.  lat.  in  min.  of  a  degree  0,34377468  x  z 

whofe  correfponding  rhumb  is  different  from  that  which  z  belong! 
to ;  and  the  angle  which  this  rhumb  makes  with  the  meridian  will  I 
found  by  art.  728; 

For,  As  the  mer.  diff.  lat.  In  min.  On  one  rhumb       °>34377468  X 
To  a  meridi  diff.  lat.  in  min.  on  a  rhumb  of  45*,  z  ; 
So  is  the  natural  tangent  of  the  rhumb  of  450       1O0OO,' 
To  the  natural  tangent  of  the  other  rhumb       29088,821, 
which  anfwers  to  710  oi' 42"  j    and   under   this   angle   is  the  meridi; 
interfedvted  by  that  rhumb  line,  on  whish  the  differences  of  Nepier's  I 

garUhra 


GLOBULAR    SAILING.         367 

iirithmic  tangents  of  the  half  co-latitudes,  are  the  true  differences  of 
■ngitude  eftimated  in  minutes  and  parts. 

But  Nepier's  logarithms  are  to  Briggs's  as  2,30258,  &c.  to  1  *. 
;  Therefore  2,30258,  &c.  :  I  ::  29088,821  :  12633,114,  &<:.  which 
\  the  tangent  of  519  38'  09",  wherein  the  meridian  is  cut  by  the  rhumb, 
1  which  the  differences  of  Briggs's,  or  the  common  log.  tangents  of  the 
ilf  co-latitudes,  are  the  true  differences  of  longitude  correfponding  to 
ofe  latitudes. 

PROPOSITION    XIV.* 

742.  The  difference  of  the  common  logarithmic  tangents  of  the  half  co-la- 
•  udes  of  any  two  places,  to  the  meridional  difference  of  latitude  in  minutes  t 
in  the  conjfant  ratio  of  1  26 3,3  to  I  f. 

Demonstration. 
i  The  com.  log.  tangents  are  as  the  differences  of  longitude  on  the  rhumb 
.)  of  5i#  38'  09",  whofe  natural  tangent  is  12633 114.  (741) 

I  The  nautical  meridian  is  a  fcale  of  longitudes  on  the  rhumb  (b)  0^45* 
31),  whofe  tangent  being  equal  to  the  radius,  may  be  expreffed  by 
lity. 

\  And  the  differences  of  longitude  to  equal  differences  of  latitude  on 
iferent  rhumbs,  being  to  each  other,  as  the  tangents  of  the  angles  thofe 
pabs  make  with  the  meridian.  (728) 

!  Therefore,  As  the  tangent  of  a  (510  38'  09")  =  1263,3, 

To  the  tangent  of  b  (45*)  ==  1000  ; 

So  is  the  diff.  longitude   on  A,  or  the  diff.  log.  tan.  of  the 
half  co-latitudes  of  two  places, 

To  the  diff.  longitude  on  b,  or  the  meridional  diff.  la- 
titudes of  thofe  places. 
fin  this  manner  may  a  table  of  meridional  parts  be  readily  conftrucled 
i.ew,  or  the  former  ones  be  examined,  if  it  was  thought  neceffary : 
111  the  tables  in  common  ufe  having  gone  through  many  careful  hands, 
tey  may  be  received  as  fufSciently  correct. 

From  the  preceding  propofitions  may  all  the  problems  relating  to  the 
lie  method  of  failing  be  accurately  refolved ;  and  altho'  they  are  here 
I  contained  under  the  general  title  of  Globular  failing,  yet  as  the  com- 
pn  cuftom  has  been  to  diftinguifh  different  kinds,  wherein  the  longi- 
ide  is  confidered ;  fo  here,  in  compliance  with  fuch  cuftom,  it  was 
taught  proper  to  retain  the  ufual  forms,  viz.  Parallel  failing,  Middle 
ilitude  failing  and  Mer eater's  failing,  -or  more  properly  Wright' s  failing  ; 
nich  are  diftin&ly  treated  of  in  what  follows. 


*  Nepier's  lo^.  of  10  is  2,30258   &c.  (78) 

And  Briggs's,  or  the  common  log.  cf  10,  is  1,  (75/ 

f  When  the  tables  of  logarithms  have  7  decimal  places,  then  1263,3  to  1 
i.iy  be  ufed  for  the  confiant  ratio  :  But  if  they  confift  of  fewer  places,  as  of.  6, 
t:n  -j^-th  of  this  number  1263,3  is  to  be  ufed;  if  of  5  places  then  take  y^oth 
j. ;  which  is  readily  done  by  removing  the  comma  as  many  places  to  the  lefc 
hd  as  the  tables  confiit  of  places  lefs  than  feven. 

SECTION 
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SECTION     III. 

Of  Parallel  failing. 


■ 

743.  Parallel  sailing  is  the  art  of  finding  what  di fiance  a  Jhip  Jho\\ 
run  due  eajl  or  weft,  in  failing  from  the  meridian  of  one  place  to  that  ? 
another  given  place,  in  any  parallel  of  latitude* 


This  kind  pf  piloting  is  generally  ufed  in  conducing  a  fliip  to  t 
ifland  detached  from  the  main  land,  or  other  iflands  j  and  alfo  on  otlL- 
occafions. 

The  method  of  performing  which,  is  by  failing  to  the  parallel  of  • 
titude  the  place  is  in,  keeping  a  good  account,  fo  as  to  be  certain  wh- 
ther  the  place  is  then  to  the  eaftward,  or  weftward ;  and  alfo,  if  poffib 
to  know  the  longitude  arrived  at  ;  and  then  to  run  due  weft,  or  ea, 
until  the  (hip  comes  near  the  longitude  of  the  given  place  j  where  i  I 
is  then  fure  to  make  the  port  required. 

The  computations  in  parallel  failing  depend  on  the  following 

Rule. 

744.  As  Radius,  sg: 
To  the  cofme  of  the  latitude  of  any  parallel;  53  : 
So  is  the  miles  of  longitude  between  any  two  meridia.ns,  ==  - 
To  the  dijtance  of  thofe  meridians  in  that  parallel*                  =  : 

For  the  demembration  fee  art.  719. 

From  the  fame  proportion  is  easily  deduced  the  following 

Rule. 

745.  As  the  cofne  of  one  latitude,  s= : 
Js  to  the  cofme  of  another  latitude ;  =  - 

So  is  a  given  meridional  difiance  in  the  firfl  parallel,  = ; 

To  a  correfponding  meridional  diftance  in  the  fecond parallel*  =:: 

746.  And  hence  arife  the  following  proportions, 

R     :     s     :  :     l     :     d. 

5      :    r    :  :     d     :     l. 

h    :    o    :  i    r     :     sf 

s     :    s     :  :    d     :     </. 

d    :    d    :  :     $     :     s< 
Whereby  all  the  cafes  that  can  happen  in  this  kind  of  failing  arc  re 
dily  refolved  by  the  logarithms,  and  alfo  by  the  following  Table,  a 
culated  for  a  difference  of  longitude  of  1  degree,  or  60  nautical  mil 
©f  the  equator,  bj£  the  firft  rule.     Thus. 

As  Radius,  to  the  cofme  of  any  latitude  j  fuppofe  30% 
Ss  60  miles  of  longitude,  to  the  meridional  dijlan.ee  5 1 596. 
£nd  the  like  to  the  other  latitudes. 
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•47.    A  Table  /hewing  hoiv  many  miles  an  fiver  to  a  degree  of 
longitude,    at  every  degree  of  latitude. 


Lat. 

Miles 

1 
2 

59»9Q 
59-96 

! 

59>92 
59'85 

5 

5  9'  77 

6 

59,67 

7 

59'56 

8 

59»42 

9 

59,26 

10 

59,09 

1 1 

12 
'3 

58,89 
58,69 
58,46 

'4 

58,22 

>" 

5'T.q5 

I 

Lat. 


16 

17 
iS 

19 
20 

21 
22 

23 
24 


Miles 


57'67 

57,38 
57,06 

56>73 
56,38 


56,01 
55'63 
55>23 
54,8' 

54.38 


26 

27 
28 
29 


53,93 
53.46 
52,97 

■    52>47J 
o  'c i,g6| 


Lat. 

3i 

32 
33 
34 
35 

~^6 

37 
38 

39 
40 


Miles 


51.43 
50,88 
50,32 

49-74 
49,15 


4' 
42 
43 
44 
45 


48.54 
47.92 
47.28 
46,63 
45,96 


Lat. 


46 

47 
48 
49 
50 


Miles 


45,28 

44-59 
43.88 
43,i6 

14-2,4-3 


51 

52 
53 

54 
55 


41,68 
40,92! 

40,15; 

39-361 

38.571 


37,76 

36,94' 
36,11 
35,27 

34,4* 

56  33.55 

57  32,68 

58  3L79 

59  3C,9° 

60  130,00 


Lat. 

Miles 

Lat. 

Miles 

61 

29,09 

76 

H'51 

62 

28,17 

77 

l3*5° 

03 

27,24 

78 

12,48 

64 

26,30 

79 

".45 

65 

25,36 

80 

10,42 

66 

24,41 

81 

0,38 

67 

23,44 

82 

8,3  5 

£8 

22,48 

83 

7,32 

69 

21,50 

84 

6,28 

70 

20,52 

85 

5.23 

7i 

'9,53 

86 

4,18 

72 

£8,54 

87 

3»H 

73 

'7,54 

88 

2,09 

74 

16,54 

89 

1,05 

"5 

15.53 

90 

0,00  J 

■The  ufe  of  this  table  will  be  evident  from  what  follows. 

i ;  748.  If  the  meridional  dijlance  is  wanted  to  degrees  and  minutes,  proceed 

■is. 

Take  the  difference  of  the  meridional  diftances  to  the  given  degrees, 
lid  thole  which  are  next  greater;  multiply  this  difference  by  the  given 
a  nutes,  and  divide  the  product  by  60  j  then  the  quotient  fubtracled 
i>m  the  miles  againft  the  given  degrees  in  the  table,  will  leave  the  me- 
flional  diftance  required. 

;74Q.  But  if  a  meridional  dijlance,  intermediate  to  thofe  in  the  table, 
1  wj  given  to  'find  the  correfpondmg  degrees  and  minutes. 

Subtract  the  given  meridional  diftance  from  the  next  greater,  found  in 
i;  table  ;  multiply  the  remainder  by  60  ;  divide  the  product  by  the  dif- 
i ence  of  the  meridional  diftances  next  greater  and  lefs  than  the  given 
:<e  \  then  the  quotient  annexed  as  minutes  to  the  degrees  of  the  next 
[;ater  meridional  diftance,  will  give  the  degrees  and  minuses  fought. 


Exam,  to  firfr.  rule. 
How  many  miles  an fwer  to  a  degree 
"long-  in  the  lat.  of  48 °  26'? 
Lat.  480         40,15  miles. 
Lat.  49°         39,36  miles. 


rhediff.  is       0,79,    which  multip. 
t  26,  gives  20,55;    ^is  divided  by 


(gives  0,38;  which  taken  from  40,15 
«/es  39,77,  the  miles  required. 


Exam,  to  fecond  rule. 
In  tvhat  lat.  does  46,08  miles  an- 
fwer  to  one  deg.  of  longitude  ? 
From     46,63,  the  miles  to  390. 
Take     46,08,  the  given  miles. 

Leaves  0,55  ;  which  multip. by  6c, 
gives  33,00;  this  divided  by  0,67,  the 
diff.  between  390  and  40°'  gives  49'  : 


So  390  49'  is  the  lat.  fought. 
Bbb 
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75c.  Case  I.  Given  the  latitude  and  difference  of  longitude:  I. 
quired  the  diitance. 

Exam.  A Jhlp  in  the  latitude  of  32?  N.  falls  thence  due  eafl  till  I 
difference  of  longitude  is  384  miles  :  Required  the  dlflance  foe  has  run  ? 

By  Construction  *.     Fig. 4.     Pktte  VIII. 

From  any  point  p,  with  the  radius  of  90",  taken  from  the  fcale  I 
natural  lines,  defcribe  the  arc  eqj  draw  the  chord  eq^  equal  to  3 1 
miles;  and  draw  the  radii  pe,  P,q. 

From  the  fame  point  p,  with  a  radius  equal  to  the  fine  of  58*  ( p 
comp.  lat.),  taken  from  the  nat.  fines,  defcribe  the  arc  ae;  and  do 
the  chord  ab,  whofe  meafure  is  the  diftance  fought. 

Here  p  reprefents  the  north  pole;  the  arc  eq^  the  equator  ;  the  c 
AB  a  parallel  of  latitude  ;  the  chord  EQ^  is  the  difference  of  longituc; 
the  chord  ab  is  the  meridional  diftance  fought;  a  is  the  place  fail 
from,  b  the  place  arrived  at;  and  the  radii  pe,  pq,  exprefs  the  me- 
dians of  the  place  fo  failed  from,  and  come  to. 

By  Computation, 

As    Radius  =     900  oo7  10,00000 

To  cof.  lat.  =     32     00  9,92842 

So  miles  long.  s=     384  2,58433 


To  miles  dift.  «   zz.     325,6  2,5127^ 

■n  ■ 

So  that  flie  has  run  325,6.  miles. 

By  the  Table. 
Seek  the  miles  to  the  given  latitude  ;  multiply  them  by  the  given  dj: 
longitude;  the  quotient  divided  by  6a  will  give  the  meridional  difta:E 
jht. 
Tims.     To  lat.  3 20  anfwers  50,88  miles. 

Multiply  by  384  the  given  diff.  longitude. 

20352 
40704 
15264 


fougl 


60)19537,92(325,632  =  merid.  dift.  fought. 

*  Thi^  2nd  the  conftruction  of  the  following  cafes  depend  on  the  Orthoj 
phic  projection  -f-  of  the  circles  of  the  fphere  on  the  plane  of  the  equator,  'il 
circle  being  the  primitive,  and  its  centre  or  pole  reprefenting  the  point  il 
which  the  pole  of*  the  earth  is  projected ;  consequently  the  diftance  from  it 
pole,  of  any  parallel  of  latitude,  muff  be  exprefied  by  $he  complement  of  J 
latitude. 

■f  This  projection  is  formed  by  fuppofing  that  any  point  on  the  furface  of  a  fphere  is  proj( 
c>n  a  plane  paffing  thro'  its  centre,  by  a  line  drawn  thro'  that  point  perpendicular  to  the  pi; 
which  amounts  to  the  fame,  as  if  the  vifual  ray  came  from  an  eye  at  an  infinite  diftance. 

Thus  in  Fig  i.I'l. VIII,  perpend,  lines  thro'  b,  b,  projecl  thofe  points  in  t,  a,  on  the  plane  f<3 
Therefore  fmall  citcks  on  that  plane  are  defcribed  with  the  radii  E  t}  zx-}  55  the  fines  of  the 
?b,  p  b, 
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751.  Case  II.    Given   the  latitude   and   meridional   diftance  :    Re- 
tired the  difference  of  longitude. 

Exam.  A  Jhip  from  the  latitude  ^3°  36'  N.  longitude  10*  1 8'  E.  fails 
te  weji  236  miles  :  Required  her  prefent  longitude  ? 

By  Construction.     Fig.  4.    PI.  VIII. 
From  the  point  p,  with  the  fine  of  90°,  and  the  cofine  of  53*   36% 
tfcribe  the  arcs  EQj,  cd.     Draw  the  chord  cd  =  328  ;    thro'  c  and  d 
aw  the'radii  pe,  pqj  then  the  chord  eo^, being  drawnj  will  be  the 
cFerence  of  longitude. 

By  Computation.  t  6,o)39,8;6°  38'. 

As  pc,  the  cof.  lat.  nd  530  36'  .0,22664 

To  pe,  Radius  ±n  90   00  io.ocooo 

i5o  cd,  merid.  dift.  —   236  m.  2,37291 


To  eq^,  difF.  long. 


397»7 


2,59955 


Long,  from     10    18  E. 
DifF.  long.        6    38  W. 


Lorn 


40  E. 


By  the  Table. 

Find  the  meridional  diftance  to  a  deg.  of  long,  in  lat.  53°  36'  (748), 
tl  make  it  a  divifor  to  the  product  of  the  given  meridional  diftance  by 
( ;  then  will  the  quotient  be  the  difF.  long,  fought. 

;Thus.  The  difF.  merid.  dift.  to  53*  and  54%  is  0,85  ;  which  multi- 
|?d  by  36' and  divided  by  6o',  gives  0,51;  this  taken  from  36,11, 
I  merid.  dift.  to  53*,  leaves  35,6  for  the  merid.  dift.  to  530  36' :  Then 
$6  multiplied  by  60,  and  the  quotient  divided  by  35,6,  gives  397,7 
f  the  difF.  long,  fought. 

■75i.  Case  III.    Given   the   difference  of  longitude,    and  its  corre- 
fmding  meridional  diftance  :  Required  the  parallel  of  latitude. 

Exam.  In  what  latitude  does  384  miles  of  meridional  diftance  anfwer  to 
[0  miles  of  dijf.  longitude  ? 

By  Construction.     Fig.  5.     PI.  VIII. 
From  the  point  p,  with  the  fine  of  90%  defcribe  the  arc  eqj    draw 
t:  chord  eqj=  500,  and  draw  the  radii   pe,  p  qj    make  ec  tzz  384, 
c\w  cb  parallel  to  ep  ;    then  the  arc  ab  being  defcribed  with  the  radius 
I,  is  the  parallel  of  lat.  fought. 

By  Computation. 

\s  eq^,  the  difF.   long.     —       500 
To  ae,  merid.  dift.  —        384 

So  pe,  Radius  rfr  90°  00 


7,30103 

2>58433 
10,00000 


To  pa,  the  coC  lat. 


=  39   49       9>88536 


So  in  the  lat.  390  49' 
384  miles  of  merid.  dift. 
anfwers  to  500  miles  of 
longitude. 


By  the  Table. 
The  given  merid.  dift.  384  being  multiplied  by   60,  and  the  product 
dided   by  the  given  difF.  long.  500,  gives  46,08,  the  merid.  dift.  to 
ip  deg.  of  long,  in  the  lat.  fought :  And  by  article  749,  the  latitude  will 
t.  found  to  be  39*  49', 

Bbb  2   '  753- 
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753.  Case  I.V.  Given  the  diftance  of  two  places  in  a  given  paralh 
of  latitude  :  Required  the  diftance  of  two  other  places,  under  the  fam 
meridians  with  the  former,  in  another  given  parallel  of  latitude. 

Exam.  From  two  ports  in  the  lat.  320  20'  N.  diftant  256  miles,  ti\ 
flnps  fail  direclly  north  :  Hozu  far  are  they  diftant  from  one  another,  whi 
they  come  to  the  "lat.  440  30'  N. 

By  Construction.     Fig.  6.     PL  VIII. 
From  the  point   f,  with  radii  equal  to  the  cofines  of  32*  20%  ar 
440  30',  defsribe  the  arcs   ab,  de;    draw  the  chord  ab  =  256,  ar 
draw, pa,  pb  j  then  will  the  chord  de  be  the  did.  fought. 

By  Computation. 

As   pa,  the  cof.  of  lat.  from             rz     32*  20'  0,07317 

To  pd,  the  cof.  of  lat.  in                  —     44    30  9,85324 

So  ab,  the  firft  dift.                            rr      256  2,40824 

To  de,  the  prefent  dift.  rr     216,1  2,33465 

By  the  Table. 

The  merid.  diftances  ,to   320  20',  and  440  30',  (found  by  748)  a 

50,7  and  42,8  :  Then  the  given  merid.  diftance  256  multiplied  by  42,! 

and  the  product   1095,68  divided  by  50,7  s  the  quotient  216,1   is  t\ 

meridian  diftance  fouiiht. 


754.  Case  V.  Given  the  diftances  between  the  fame  two  meridian 
in  different  parallels,  and  alfo  the  latitude  of  one  parallel,  to  find  ti 
latitude  of  the  other. 

Exam.  If  two  flips  in  the  lat.  440  30'  N.,  dijlant  from  one  anoth\ 
216  miles,  jhoidd  both  fail  thence  direclly  fouth  until  their  dijlance  is  2<| 
miles  :  What  latitude  are  they  come  to  ? 

By  Construction.  Fig.  7.  PI.  VIII. 
From  p,  with  a  radius  of  the  cofine  of  440  30',  the  lat.  failed  fror; 
defcribe  the  arc  de  j  draw  the  ch^rd  de  =  216  ;  and  thro'  d  and  | 
draw  pa,  pb  ;  continue  de  till  df  •=.  256";  thro'  f  draw  fb  parallel ' 
pa,  meeting  pb  in  b  ;  then  an  arc  defcribed  from  p,  thro'  b  and  j 
will  be  the  parallel  of  latitude  come  to. 

By  Computation. 

As  de,  the  frft  dift.  rz:      216  7,66^54 

To   ab,  the  fecond  dift.  rr     2^6  2,40824 

So    pd,  the  cof.  lat.  from  r=     440  30'  9,85324 

To  pa,  the  cof.  lat.  in  —     32    17  9,92702 

By  the  Table. 
To  lat.  440  30',  find  (748)  the  mer.  dift.  42,8  ;  this  multiplied  by  25 1 
and  the  product  divided  by  216,  gives  50,72;    which   (by  749)  will  1; 
found  to  be  the  merid.  dift.  to  320  17',  the  latitude  fought. 

75 
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O/^^r  Examples  to  exercife  the  foregoing  cafes. 

Ex.  I.  JVhat  is  the  dijiance  between  St.  Maries  in  /at.  37  °  oc/  A7",  long. 
•  56'  ^i,  fl«rf  Cape  Henry  in  lat.  370  Co'  N.  long.  760  23'  W.  ? 

As  Rad  :  cof.  Iat.  370  00'  : :  diff.  long.  3207  :  diftance  2561. 

Ex.  II.  A Jhip  from  Cape  Clear  fails  wejl  265  miles:  What  long,  isjhe 
cne  to? 

As  cof.  lat.  510  18'  :  Radius  :  :  merid.  dift.  265  :  difF.  long.  423,8. 
Anfwer.     The  prefent  longitude  is  160  54'  W. 

Ex.  III.  A  Jhip  having  run  due  eajl  for  3  days,  at  the  rate  of  5  knots  an 
br,  finds  /he  has  altered  her  longitude  8°  16' ;  What  parallel  of  latitude 
\  \Jhe  fail  in? 

As  difF.  long.  496  :  merid.  dift.  360  :  :  Rad  :  cof.  lat.  43°  28'. 

.Ex.  IV.  Suppofe  two  Jhips  in  the  parallel  of  47°  54'  A7".,  their  difference 
e  long,  being  90  35',  Jhould  both  fail  thence  direSily  fouth  836  miles  :  How 
I  iv ere  they  dijlant,  at  the  beginning,  and  end  of  their  courfes  ? 

As  Rad  :  cof.  lat.  47 •  54'  ::  difF.  long.  575  :  firft merid. dift.  385,5m. 

Mow  836  miles  =  13°  56' ;  therefore  the  lat.  come  to  is  330  58'. 

As  Rad  :  cof.lat.330  58'  ::  difF.  long.  575  :  laft  merid.  dift.  476,9  m. 

Ex.  V.  What  is  the  diff.  lat.  between  two  parallels  on  different  fides  of  the 
tator,  when,  between  the  fame  two  meridians,  the  meridional  dijiance  in 
ti  northern  parallel  is  ab  =  238  miles,  "in  the  fouthern  parallel  if  CD  = 
15  miles,  and  at  the  equator  is  eq^=  352  miles? 

As  difF.  long.  352  :  north,  mer.  dift.  238  :  :  Rad  :  cof.  lat.  47°  27' N. 
As  difF.  long.  352  :  fouth.  mer.  dift.  195  :  :  Rad  :  cof.  lat.  560  22' S. 
Then  the  fum  of  thefe  two  latitudes,  viz.  1030  49',  is  the  difF.  lat.  fought. 

In  this  figure  8,  PI.  VIII,  p  is  the  north  pole,  and  s  is  the  fouth 
pe ;  but  the  conftruction  on  one  fide  of  the  equator  is  fufHcient,  as  is 
edent  by  drawing  Ed  parallel  to  pe,  and  d c  parallel  to  ec^ 

The  difference  of  longitude  and  meridional  diftances  may  be  confider- 
e  as  tangents  to  their  refpe&ive  arcs,  as  well  as  chords.  (259) 

Among  the  natural  fcales  on  the  Gunter,  are  two,  which  ufed 
jntly  anfwer  the  end  of  the  foregoing  table  ;  thefe  are  a  fcale  of  chords 
nrked  CH,  and  a  fcale  of  longitude  marked  ML,  ftanding  clofe  to  one 
a>ther  ;  and  are  thus  ufed. 

Find  the  given  latitude  on  the  fcale  of  chords,  and  right  againft  it, 
iithe  fcale  of  longitude,  is  the  divifion  expremng  the  miles  of  merid. 
d:ance  in  that  lat.  to  one  degree  of  longitude. 

Thus  againft  the  chord  6o°,  ftands  30  mile? ;  and  the  chord  5C, 
%ds  between  38  and  39  miles  :  And  fo  of  the  reft. 
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SECTION      IV. 

Of  Middle  latitude^  and  Mercator's  failings. 

Of  Middle  latitude  failing. 

756.  Middle  latitude  sailing,  is  a  manner  of  folving  the  , 
<veral  cafes  of  globular  failings  by  the  principles  of  plane  and  parallel  fa'ili 
jointly. 

This  method,  which  is  not  quite  accurate,  is  founded  on  the  folio1 
ing  fuppofition. 

757.  The  departure  is  reckoned  as  a  meridional  dijlance  in  that  latiiui 
which  is  a  middle  parallel  between  the  latitude  failed  frsm,  and  the  latitu 
come  to* 

Now  altho'  the  arithmetical  mean  of  the  cofines  of  two  diftant  la 
tudes  is  not  the  cofine  of  the  arithmetical  mean  of  thofe  latitudes ;  ni 
ther  is  the  departure  between  two  places  on  an  oblique  rhumb  equal 
the  diftance  between  their  meridians  in  a  mean  latitude ;  yet  when  t 
parallels  of  thofe  places  are  near  the  equator,  or  not  far  diftant  from  0 
another  in  any  latitude,  the  error  becomes  fo  fmall,  as  not  to  affecl  t 
nautical  conclufions  drawn  from  the  foregoing  fuppofition. 

This  artifice  feems  to  have  been  invented  on  account  of  the  eafy  ma 
ner  in  which  the  fcveral  cafes  may  be  refolved  by  the  Traverfe  Tabl 
And  where  a  table  of  meridional  parts  is  wanting.  The  computatic 
depend  on  the  following  rules. 

Rule  I. 

758.  Add  the  latitude  failed  from  to  the  latitude  arrived  at,  and  tai 
half  the  fum  for  the  middle  latitude. 

Rule  II. 

759.  As  the  cofine  of  the  middle  latitude,  ±2 
Is  to  the  Radius  ;  — 
So  is  the  departure,  r= 
To  the  difference  of  longitude.  =z 

Rule  III. 

760.  As  the  cofine  of  the  middle  latitude,  = 
Is  to  the  tangent  of  the  courfe  ;  =s 
So  is  the  difference  of  latitude,  r= 
To  the  difference  of  longitude.  ,             = 

The  fecond  rule  is  the  fame  as  the  firll  rule  in  parallel  failing,  whJ 
is  demonftrated  at  art,  719. 

DemonJiM 
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Demonflration  of  the  third  rule. 

Now  cof.  mid.  lat.  :  Rad  :  :  departure  :  diff.  long.  {ll9) 

Therefore  Rad  x  dep.  z=  cof.  mid.  lat.  x  diff.  long.  (245) 

Alfo  diff.  lat.  :  depart.  :  :  Rad  :  tang,  courfe.  (684) 

Therefore  Rad  x  dep.  =  diff.  lat.  x  tang,  courfe.  (245) 

Confequently  cof.  mid.  lat.  x  diff.  long.  =  diff.  lat.  x  t.  courfe.  (137) 

Therefore  cof.  mid.  lat.  :  tan.  courfe  :  :  diff.  lat.  :  diff.  long.  {246) 

From  rules  II  and  III  arife  the  following  proportions. 


c 

R     : 

:     d 

L. 

c     : 

t     : 

:     p 

:     l 

L 

d     : 

:     r 

:     c. 

p 

L     : 

:     c 

:    t 

R 

:     c     : 

:     L 

D. 

Where  the  letters  "fignify  the  names  they  Hand  againft  in  the  rules. 


Of  Mercator's  failing. 

'■>  761.  Merc  ator's  sailing  is  the  art  ofrefohing  the  feveral  cafes  of 
Wobular  failing  by  Plane  Trigonometry  and  a  table  of  meridional  parts,  or 
'arithmic  tangents. 

The  computations  herein  are  performed  by  the  following  rules. 


For  the  demonftration  of  this  anatogy3  fee  Prop.  XIII. 
*  The  log.  tangent  of  510  38'  05"  is  10,10151. 


762.                Rule  I. 

Therefore 

As  merid.  diff.  lat. 

=    M. 

M 

:     l     :  :     r 

:     t> 

To  diff.  longitude  j 

2=     L. 

R 

:     t     :  :    m 

:     l. 

So  is  the  Radius, 

=3     R. 

T 

:    r     :  :     l 

:    m. 

To  tang,  courfe. 

=     T. 

763.                Rule  II, 

Therefore 

As  the  prop.  diff.  lat. 

=     P. 

To  the  departure  j 

=    D. 

p     : 

d     :  :     m 

:     L. 

So  mer.  diff.  lat. 

=    M. 

M      . 

l     :  :     p 

:     d. 

To  diff.  longitude. 

=     L. 

Thefe  rules  are  demonftratec 

at  Prop. 

IV. 

(72 

764.               Rule  III. 

Therefore 

As  diff.  log.  tan.  4  co-lats 

r=  G. 

G 

:     n     :  :     l 

:     t. 

Totang.  of  5i°38/o9//i 

=    N.* 

N 

g     :  :     t 

:     l. 

So  is  a  given  diff.  long. 

=    L. 

T 

:     l     :  :     n 

:     g. 

To  tang,  courfe. 

±fc    T. 

(742) 
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PROBLEM     I. 

765.  Given  the  latitudes  of  tivo  places. 

Required  the  meridional  difference  of  lat.  between  thofe  places. 

Case  I.  When  both  places  are  on  one  fide  of  the  equator. 

Rule  I.  The  difference  of  the  meridional  parts  anfwering  to  { 
latitude,  will  give  the  meridional  difference  of  latitude  required. 

Rule  II.  The  difference  of  the  log.  tangents  of  the  half  co-latiti 
divided  by  12,63,  will  give  the  meridional  difference  of  latitude  requi 

Exam.  I.  TVkat  is  the  meridional  difference  of  latitude  between  the  ij 
of  St.  Thomas  and  Gibr alter  f 
By  the  meridional  parts. 
Gibraltar  lat-  3b0  13'N. 

St.  Thomas's  lat.     00    00 

Merid.  parts  to    36     13  2334 

Merid.  parts  to    00     00  0000 


Merid.  diff.  lat.       = 


233' 


By  the  log,  tangents,     j; 
Co-lat.  =  530 47'  j  I  co-lat.  =  26* 
Co-lat.  ~  go  00  ;  I  co-lat.  —  45 
Log.   tang.     10,00000   to    45 
Log.  tang.       9,70498  to    2.6. 


iz,63)    29502(2335 


4242 


453° 


7410 


Exam.  II.  IVhat  is  the  meridian  difference  of  latitude  between  the  Lh 
evul  Cape  Verd? 

By  the  meridional  parts. 
C.  Verd's  lat.        140  43' N. 
Lizard's  lat.  49    57  N. 

Merid.  parts  to  49    57  347° 

Merid.  parts  to  14    43  893 

Merid.  diff.  lat.     r= 


By  the  log.  tangents, 

Co-lat.  =  75*17' ;  I  co  lat.  —  37* 

Co-lat.  =  40  03  ;  \  co  lat.  =  20 

Log.  tang.     9,88707  to       37 

Log.  tang.     9,56146  to 


2577  12,63)  32$6i(2.578=n 

766.  Case  II.  When  the  given  places  are  on  different  fides  of 
equator. 

Rule  I.  The  fum  of  the  meridional  parts  anfwering  to  each  latitt 
will  be  the  meridional  difference  of  latitude  required. 

Rule  II.  The  fum  of  the  log.  co-tangents,  abating  the  index, 
the  half  co-latitudes,  divided  by  12,63,  will  be  the  meridional  differe 
of  latitude  required. 

Exam.  What  is  the  meriditnal  difference  of  latitude  between  the  t 
Verd9  and  the  if  and  of  St.  Helena  ? 

By  the  meridional  parts. 
C.   Verd's   lat.         140  43'  N. 
St.  Helena's  lat.      16   00  S. 

Merid.  parts  to     16   00  973 

Merid.  parts  to     14  43  893 


Merid.  diff.  lat.        = 


1866 


By  the  log.  tangents. 

Co-lat.  =  75°i7/ ;  f  co-lat.  —  37° 

Co-lat.  —  74  00  ;   \  co-lat.  ==  37 

Log.  cot.       0,11293     to     37 

Log.  cot.       0,12288     to     37 


12,63)  23581(1867  =  1! 
PROBLl^ 
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PROBLEM    II. 
767.  Given  the  lat.  of  one  place,  and  the  merid.  diff.  tdi.  betiveeh  that 
and  another  place. 
Required  the  latitude  of  the- other  place. 

Case  I.  When  the  given  lat.  and  mer.  cliff,  lat.  have  like  names. 

Rule  I.  To  the  merid.  parts  of  the  given  lat.  add  the  given  m?ridio- 
;  1  diff.  lat. ;  feck  the  fum  in  the  tab.  of  merid.  parts,  and  the  corre- 
:  ending  deg.  and  min.  gives  the  lat.  fought. 

Rule  II.  Multiply  the  given  merid.  diff.  lat.  by  1263;  fubtracT:  the 
pducvtj  rejecting  all  to  the  right  of  the  5th  decimal  place  *,  from  the 
]r,  tang,  of  the  given  half  co-lat. ;  feek  the  degrees  to  the  remainder 
j  long  the  log.  tang,  thefe  deg.  doubled,  gives  the  co-lat.  required. 

Exam.  Jjhipfrom  the  lat.  140  43'  N.  fails  northward  till Jhe  finds  her 
1  rid.  diff.  lat.  is  2578  :  JVbat  lat.  is  fie  come  to  f 


By  meridional  parts. 
To  the  lat.  140  43'  N. 
The  mer.  parts         ~     893  N. 
^dd  mer.  diff,  lat.    2=  2578  N. 


The  fum  is 


3471 


vhich  anfwers  to  490  57'  N. 
The  latitude  fought. 


By  log.  tangents. 
The  co-lat.  is  75°i7/i  §  ca-lat.32^8'. 
And   2578   multiplied  by  1263,  giyes 
32560,14. 

From      9,88707  =r  log.  tan.  370  j87.' 
Take      0,32560 

Leaves    9,56147  as  log.  tan.  20°  01', 

which  doubled  is  400  02'. 

Whofe  comp.  is  49°*  58'  =:  lat.  fought. 


768.  Case  II.  When  the  given  lat.  and  mer.  diff.  lat.  have  unlike 
imes.  1 

iRuLE  I.  Take  the  difference  between  the  merid.  parts  of  the  given  lat. 
sli  the  merid.  diff.  lat.  the  remainder  found  in  the  table  of  merid.  partss 
vll  give  the  latitude  fought. 

Rule  II.  Multiply  the  given  mer.  diff.  lat.  by  1263;  add  the  product 
t'thelog.  tang,  of  the  given  half  co-lat.  the  deg.  to  the  tang,  of  the  fum 
fcng  doubled,  gives  the  co-latitude  required. 

Exam.  A  Jhip  from  the  lat.  490  57'  N.  fails  fouthward  till  her  mertdi 
W.  lat.  is  ^578  :  What  latitude  is  Jhe  come  to  ? 


By  meridional  parts. 
To  the  lat.  490'  57'  N. 
The  merid.  parts  =:  3470  N. 

>ubt.  merid.  diff.  lat.     s=  2578   S. 

lemains  merid.  parts  892 

vhich  anfwers  to   146  43'  N. 
The  latitude  come  to. 


By  log.  tangents. 
Co-lat.   400  03';    §  co-lac.   2c0  01'. 
And   2578   x    1263   =   32560,14. 
To     9,56146  =:  log.  tang.  20°  oi/. 
Add  0,32560 


Sum  9,88706  =a  log.  tang.   37    38 

which  doubled  is  750   16'. 
Whofe  comp.  is   14    44  r— :  lat. 


That  is,,  rejecting  all  below  the  number  of  places  in  the  tables  ufed. 
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•    PROBLEM     III. 
769.  Given  the  latitudes  and  longitudes  of  two  places. 
Required  their  bearing  and  diftance. 

Exam.  JVhat  is  the  courfe  and  diftance  from  Cape  Clear,  in  Irelai 
to  the  ijland  of,  St.  $dary,  ..one  of  the  Azores  f 

By  middle  latitude  sailing. 


C.  Clear's  lat.     510  iS'N. 
St.  Mary's  lat.    37    00  rN. 


Diff.  lat.             14 

18 

Sum  latitudes     83 

18 

Mid.  lat.             44 

09 

Co.  Mid.  lat.      45 

5* 

bsc  858  m. 


Long. 


Lonj 
Diff.  long. 


90  50' W. 

22    56  W. 


13   06  =  786  ro. 


By  Construction.    Fig.  9.    Plate  VIII. 

Draw  the  meridian  ad  ;  defcribe  the  quadrant  a  mp  with  the  fine 
90*,  and  the  arc  ef  with  the  cofine  of  the  middle  latitude.  Make  I 
chord  7//B  equal  to  786,  the  diff.  longitude;  draw  AB  cutting  the  ; 
EF  in  f,  and  draw  the  chord  Ef.  Make  ad  equal  to  858,  the  diff.  ] 
draw  dc   parallel  to  a  p  and  equal  to  ef  ;  and  draw  Ac. 

Then  ac  is  the  diftance,  and  the  angle  dac  is  the  courfe. 

By  Computation. 


For  the  Courfe. 
V     ,:     l     :  :     c     :     t.    (760) 
As  diff  lat.     =   858  7,00651 

To  diff.  Ion.    =  786  2,89542 

Socof.  m.  lat.  —  43 °  5 1 '     9,85583 


To  tan.  cour.  =  33    19      9,81776 


For  the   Diftance, 
fin.  L.c  :  ad     :  :  R  :  ac 

As  cof.  Cou.  3=  330  1 9'  0,077 
To  diff.  lat.  ==  858  ,  2,93,3 
So  Rad  =  90"  oo'  io.ooc 


To  dill. 


==  1027 


3,011 


By    the  Traverse    Table. 

ift.  With  the  co-mid.  lat.  found  among  the  degrees,  and  the  d 
longitude,  or  fome  part  thereof,  (if  too  large)  taken  among  the  diftanc 
find  the  departure,  or  fome  part  thereof,  in  its  column. 

Obferving  to  multiply  this  Depart,  by  the  fome  number  the  diff.  1< 
gitude  was  divided  by. 

2d.  With  the  diff.  lat.  and  dep.  together,  or  their  like  parts,  find  1 
eourfe  among  the  degrees,  and  the  diftance  in  its  column. 

Let  the  diff.  long.  786  be  broke  into  parts ;  viz.  into  100  taken  (e\ 
times,  and  into  86  :  And  as  the  co-mid.  lat.  is  450  51',  or  45-?- • ;  proa 
thus. 

The  departures  to  100,  in  the  columns  of  450  and  46%  ar»70,7  a 
71,9  ;  the  diff.  is  1,2  ;  4  parts  thereof  is  1,0.3  which  added  to  70,7  mal 
71,7  for  the  dep.  to  100  ;  and  for  700  it  will  be  501,9  :  Alfo,  the  dep 
tures  to  86  in  the  columns  of  450  and  460,  are  60,8  and  61,9  ;  ■§  of  tl 
diff.  is  0,9,  and  this  with  60,8  makes  61,7,  the  dep.  to  86  3  and  the  wh 
dep.  =  563,6. 
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Now  take  -^  of  the  diff.  lat.  858,  and  of  the  dep.  564,  viz.  42,9 
id  28,2  ;  thefe  will  be  found  together  under  330  15'  for  the  courfe ;  and 
;tween  51  and  52  dift. ;  fuppofe  514  ;  which  taken  20  times  gives  1030 
>r  the  diftance. 


70- 
C.  Clear  long.       90  50' W 

St.  Mary's  long.  22    56 


.By  Mercator's  sailing. 


Diff.  long. 


Lat. 
Lat. 


510  18' 
37    00 


Mer.  parts 
Mer.  parts 


3597 
2393 


1 3    06         I  Diff.  lat.        1418    1  Mer.  diff.  lat.       1 204 


Or  786  miles.  Or  858  miles. 

By  Construction.     Fig.  17.    Plate  VIII. 
Draw  the  meridian  ab,  and  defcribe  the  quadrarfl  Amp;  make  au 
:  858,  the  proper  diff.  lat.    and  ab  =  1204,    the  merid.   diff.  lat.; 
aw  dc,  be,  parallel  to  A-p  ;  make  be  equal  to  786,  the  diff.  long,  and 
aw  AE. 

;  Then  a  is  the  place  of  Cape  Clear,  c  that  of  St.  Mary's ;  AC  is  the 
(lance,  cd  the  departure,  and  the  angle  dac  is  the  courfe. 

Computation  by  Meridional  parts. 

For  the  Dijiance. 
fin.  Z.C  :  ad  :  :  r 


For  the  Courfe. 
m    :     l     :  :     r     :     t.   (762) 

;  mer.  d.  lat.   =:   1204         6,91937 
)  diff.  long.      ~   786  2,89542 

Rad  zz.  a.<°  oo' 


-  45 


I0,CQ300 


b  tan.  Cour.     ~  33    08      9,81479 

Computation  by 
C.Clear's  lat.  51*  18'.  Co-lat. 
St.  Mary's  lat.     37    00.  Co-lat. 

To  |  co-lat.  20g  30',  its  Jog.  tang. 
To  I  co-lat.  19    21,    its  log.  tang. 


As  cof.  Cour.  =  33°  08' 
To  prop.d.lat.  =  858 
So  Rad  ==  90°oo' 


To  Dift. 


ts  1024 


Logarithmic  tangents. 
38°  42'.         \  co-lat. 
1^3     00.  I  co-lat. 


19" 
26 


AC, 

0,07707 

2>93349 
10,00000 
!■  .  11 

3,01056 


30. 


Difference         ss 


9>°9774 
9»54$$2 

1522,2     rr 


For  the  Qturfe. 
N     :  :     l     : 

1522 

long.      786 


T.    (764) 

6.81759 

10,10151 

2,89542 


For  the  Dijiance. 


To  tang.  Cour.  33°  07'       9,81452 


The  diftance  will  be  the  fame  as 
in  the  former  computation  ;  for  the 
diff.  of  near  a  min.  in  the  courfe 
would  not  happen  in  working  by 
tables  containing  more  places. 


By  the  Traverse  Table. 
i  Seek  the  mer.  diff.  lat.  and  diff.  long,  together,  like  diff.  lat.  and  dep., 
<id  the  courfe  is  given  among  the  degrees. 
Then  with  the  courfe  and  proper  diff.  lat.  find  the  dift. 
Thus  taking  ^th  of  1204  and  786,  viz.  60,2  and  39,3;  they  will 
1  found  together  under  330  15'  deg.  for  the  courfe. 
And  taking  ^th  of  the  diff.  lat.  858,  viz.  42,9,  and  the  courfe  33*  15^ 
S^es  about  514  for  the  dift.,  which  taken  20  times  gives  1022  dift. 

03  Ccc  2  PROBLEM 


^8p        ^LOBULAR    SAILING, 

PROBLEM    IV. 

771.  Given  the  bearing  and  latitudes  of  two  places; 
Required  their  diftance  and  difference  of  lqngitude. 

Exam,  A  Jhip  who  had  taken  her  departure  from  a  place  in  lat.  3* 
00' Ar.  long.  22°  56'/^.,  fleers  N.  33*  10/  E. ;  and  cloudy  weather  comh 
on,  Jlje  got  no  obfervation  till  eight  days  after,  and  then  found  herfelf  in  la 
51°  18'  N. :  Required  her  true  diflance  and prefent  longitude? 

By  .Middle  latitude  sailing. 


Departed  lac. 
Preient  lat. 

37?  00'  N. 
51    18  N. 

Sum  latitiides 
Mid.  lat. 
Co.  Mid,  lat. 

889  j8' 
44   09 

Diff.  lat. 

14   iS  ss  358  in.  ' 

.  45    51 

By   Construction.     Fig.  to.     Plate  VIII. 

Draw  the  meridian  ad  ■==.  858,  the  diff.  lat.  defcribe  the  quadrati 
f^mp ;  make  mc  equal  %o  330  19',  the  courfe  :  Draw  dc  parallel  to  a  ! 
meeting  in  c,  the  rhumb  ac  drawn  thro'  c :  With  the  fine  of  the  cci 
mid.  lat.  450  51'  defcribe  the  arc  ef,  in  which  apply  the  dep.  dc,  froi 
E   to   F;    thro'  F  draw  ab,  and  draw  the  chord  m  B. 

Xhen  is  ac  the  diftance  run,  and  m  b  the  diff.  longitude. 

By  Computation. 


For  the  aflame. 
fin,  Z_C  :  ad  :  :  r  :  ac 
Ascof.Cou.      r=   33?  i>y       0,07798 
To  diff.  lat.       =858 
So  Rad  =  900  00 

Todift.  =  1027 


For  the  diff.  longitude. 

c     :     t     :  :     p     :     l.    (76c 

As  cof.  m.  lat.    :rr  450  51'     0,1441 

2,93349  i  To  tang.  Cou.    rr  33    19      9,8177 

10,00000     So  diff.  lat.  ^858  2,9334 

To  diff.  long.     —  786  2,8954 


3,01147 


Now  22°  56'  W.  —  Dep.  long. 
60)786(13    06  E.     =  Diff.  long. 


9    50   W.  -  Pref.  long. 


By  the  Traverse  Table. 

iff.  With  the  courfe  among  the  degrees,  and  the  diff.  lat.  in  its  cq 
lumn,  find  the  departure,  and  diftance,  in  their  columns. 

2d.  With  the  co-mid.  lat.  among  the  degrees,  and  departure  in  It 
column,  find  the  diff,  long,  among  the  diftances. 

Thus  taking  -^  of  the  diff.  lat .  858,  viz.  42,0, ;  with  it,  and  the  courf 
334°,  the  departure  will  be  found  28,1,  and  the  dift.  51,3  ;  each  beins 
rnultiplied  by  20,  gives  562  for  the  depart,  and  1026  for  the  diftance. 

The  co-mid.  lat.  450  51',  or  45|deg.  and  28,1  r=  5*6  departure,  wil 
give  in  the  column  of  diftances  39,5  j  \7hich  multiplied  by  20,  give 
70,0  for  the  difference  of  longitude, 

772' 


GLOBULAR    SAILING. 

i.                          By  Mercator's  sailing. 

departed  lat.      370  co' N.                         Mer.  parts                           2593 

5refent  lat.         51     18.N.                       Mer.  parts                         3^97 

DifF.  lat.             14    18  =  858  m. 

Mer.  difF.  lat.                   1204 

3SI 


By   Construction.     Fig.  18.     Plate  VIII. 
3raw  a  meridian  ab,  in  which  take  ab  ==  1204,  the  mei\  difF.  lat., 
;  ad  =  858,  the  proper  difF.  lat.     Defcribe  the  quadrant  a  mpy  and 
|e  mc  ==  33*  19',  the  courfe  :  Thro'  b  and  d,  draw  be,  dc,  parallel 
i\p,  meeting  the  rhumb  drawn  thro'  a  and  <:,  in  the  points  e,  c. 
Then  is  AC  the  diftance,  and  be  the  difF.  longitude. 


For  th  dijlance. 
in.  Z.DCA  :  ab  :  :  R 
\cof.  Cou.     =  330  1 9' 
r  difF.  lat.      =  8;8 

Had  =  90° 00' 


Computation  by  Meridional  parts. 


dift. 


1027 


:  ac 

0,07798 

2,93349 
10,00000 

3,01147 


For  the  diff".  longitude. 


r     :     t 

As  Rad 
To  tan.  Cou. 
So  m.  difF.  lat. 

:  :     m     : 
=  45°°o/ 
=  33   *9 
=  1204 

To  difF.  long. 

=  79M 

L.    f762) 

10,00000 

9*81776 

3,08063 

2,89839 


Now  220  56' W.  —  Dep.  long. 
60)791(13     11  E.    —  DifF.  long. 


Then 


9    45  W.  r=  Pref.  long. 


Computation  by  Logarithmic  tangents. 
departed  lat.     37°oo/N.         Co-lat.     530  oo7.        f  co-lat.     260 
irefent   lat.        qi     18  N.  Co-lat       38    42.  £  co-lat.      19 


3° 
21. 


fo\  co-lat.  260   30  ,  its  log.  tang. 

0  I  co-lat.  19    21,    its  log.  tang. 

Difference 

For  the  dijiance. 

in. Z.DCA  :  ab  :  :  r  :  ac. 

The  diftance  is  found  as  above. 


9>69774 

9^4.C^2 
I§22.2       =      c. 


N 
As  N 
To  G 


For  the  dijf.  longitude. 

:     g     :  :     t     :     l.    (764) 

9,89849 

=  1522        3,18241 

So  tang.  Cou.     =  330  19'    9,81776 

To  difF.  long.     =  791,8       2,89866 

By  the  Traverse  Table. 

Vith  the  courfe  among  the  degrees,  and  the  difF.  lat.  found  in  the 
ccimn  of  lat.  find  the  diftance  in  its  column. 

'ind  the  courfe  among  the  degrees,  and  the  mer.  difF.  lat.  in  the 
cumn  of  ltat.  and  take  the  correfponding  dep.  for  difF.  long. 

low  -j'-oth  of  858,  the  difF.  lat.,  and  of  1204,  the  mer.  difF.  lat.,  are 
4<)  and  60,2.  Then,  under  33*  15',  the  difF.  lat.  42,9  falls  between 
5und  52  in  the  diftances,  take  it?5i55  5.  which  multiplied  by  20  gives 
ico  for  the  diftance. 

ind  under  330  15',  the  mer.  difF.  lat.  falls  agaihft  39,48  of  depart, 
Wch  multiplied  by  20  gives  789,6  for  the  diff.  longitude. 

PROBLEM 


773* 


GLOBULAR    SAILING, 

PROBLEM    V, 

Given  one  latitude,  courfe  and  difrance. 
Required  the  other  latitude  and  diff.  longitude. 


Exam.  A  flnp  takes  her  departure  from  a  place  in  lat.  51*  18'iV.  / 
9»  50'  W.  ;  and  fleers  S.  330  08'  W.  till  Jhe  has  run  -.034  miles  :  Reqv, 
her  prefent  latitude  and  longitude  f 

By  Middle  latitude  sailing. 

By  Construction.    Fig.  11.    Plate  VIII. 

Draw  a  meridian  ad,  and  defcribe  the  quadrant  Amp ;  make  the 
mc  z=z  330  08%  the  courfe :  In  the  rhumb  drawn  thro'  c,  take  ac 
1024,  the  diftance :  Draw  cd  parallel  to  a^>,  meeting  AD  in  p. 


By  Computation. 


For  the  diff".  latitude. 

r  :  ac  :  :  fin.  Z_c  :  ad. 

As  Rad  ==  900  oo'     10,00000 

To  dift.  =  1024  3,01030 

So  cof.  Cou.     :=  330  08'      9,92293 

*  ■ 

To  diff.  lat.      -=z  857,5  2,93323 


For  the  diff.  longitude. 
As  c     :     t     :  :     p     : 
As  cof.  m.  lat. 


To  tang.  Cou. 
So  diff.  lat. 


-  45 

=  33 
==  857,5 


51' 

08 


L. 

0,14417 
9,81473 
2.93323 


37 

01 

88 

'9 

44 

09 

45 

5i 

To  diff  long.      rr  778,3        2,89113 


Now    9° 
60)  778(12 


50'  W.    == 
58  %    — 


w. 


Dep.  long. 
Diff.  long 

Pref.  long. 


Now     51*  18'N.    =  Dep.  I» 
60)  857(14    17   S.    =  Diff.  la. 

=  Pref.  I 

:=  Sum  tat  j 

=  Mid.  la 

==  Co.m. 


Then  in  the  arc  ef:,  defcri 
with  the  fin.  Co.  m.  lat.  45°5 1 ',  ar. 
cd  from  e  to  f  :  thro'  f  drawfl 
cutting  the  arc  mcp  in  b;  then! 
being  drawn  will  be  the  diff.  lei 
fought. 


}i 


By  the  Traverse  Table. 

With  the  courfe  found  among  the  degrees,  and  the  diftauce  in 
column,   find  the  dep.  and  diff.  lat. ;  then  find  the  other  lat. 

Seek  the  co-mid.  lat.  among  the  degrees,  and  the  dep,  in  its  col.  t 
the  correfponding  dift.  is  the  diff.  long,  fought. 

Thus.     Under  the  courfe  330  15',  and  againft  the  dift.  51,  whic 
the  20th  part  of  1024,  ftands  lat.  42,65 ;  dep.  27,96. 

Then  42,65  X20=  853  m.  =  14°  13%  the  diff.  lat. 

Hence  the  pref.  fat.  is  37"  05' N.  j  and   tfie  co-mid.  lat.  45°48'. 

Again.     Over  the  degrees  450  40',  the  nearcft  dep.  to  27,96  fta'J 
againll  35  in  the  diftances. 

Then  39  x  20  as  78cm.  the  diff.  longitude. 


GLOBULAR    SAILING. 


^3 


By  Mercator's  sailing. 
By  Construction.     Fig.  19.     Plate  VIII. 


)raw  the  meridian  ab,  defcribe  the  quadrant  Amp;  make   the  arc 
i-=z  330  08%  the  courfe.    In  the  rhumb  ac  drawn  thro'  c,  take  ac  33 
14  miles,  the  dift. ;  and  draw  CD  parallel  to  A  p. 

Computation  by  Meridional  parts, 


For  the  diff.  latitude. 

sRad  :  ac  :  :  fin.  Ac  :  ad. 

^iRad  =  900  oo'     10,00000 

Nift.  =   1024  3,01030 

>«:of.  Cou.     =  33*  08'       9,92293 


rpro.diff.lat.  =  857,5  2,93323 

For  the  diff.  longitude. 
1  As  r     :     t     :  :     m     :     l. 
^Rad  =  4^°  oo'     10,00000 

Itang.  Cou.  =  33    08        9,81473 
i<ner.  d.  lat.  =   1203  3,0,8026 

Pdiff.  long.    =  785,2  2,89499 

|:ow      90  50' W.  =  Dep.   long. 
jc'785  (  13    05   W.  =  Diff.    long. 


22    55   W.  =  Pref.  long. 


Now     5i°i8/N. 
60)857(14   17    S. 


=     Dep.  lat. 
=     Diff.  lat. 


37    01  N.     =    Pref.  lat. 


To  510  ^18' rnerid.  parts 
To  37    01    merid.  parts 

Merid.  diff.  lat. 


=  3597 
=  2394 

=   1203 


Make  ab  =  1203;  thro'  b  draw 
be  parallel  to  A  p,  meeting  ac 
continued  in  e  j  then  be  is  the 
diff.  longitude. 


Computation   by  Logarithmic  iangents. 
The  diff.  lat.  and  prefent  lat.  being  found  as  above. 
>€p.  lac;      510  1 8'.  Co-lat.    ,3 8°  42'.  §  co-lat.     19*  21'. 

ref.   lat.       37    0:1.  Co-lat.      <;2     50.  f  co-lat.     26     29J. 


', 


2GG 


o  \  co-lat.   . 
m-  £■  co-lat.   1 9 


As  n    :  g 

iw.-  = 

G  = 

Scang.  Cou.      — 
Ejdiff.  long.      = 


29f 

21, 


its  log.   tang. 

its  log.  tang. 

Difference 


9,09758 
1520,6    =: 


1521 

33°  08' 
785.9 


:     l. 

9,89849 
3,18213 
9-RU73 
2,89535 


.     Now       9" 
60)786(13 


50'  W.    =  Dep.  long. 
0.6  W.    =  Diff.  long. 


22    56  W.    a$  Pref.  long. 


By  the  Traverse  Table. 

iVith  the  courfe  and  diftance,  find  the  diff.  latitude., 
j  knd  then  get  the  prefent  lat.  and  the  mer.  diff.  latitude. 
.  Vith  the  courfe,  and  the  mer.  diff.  lat.  taken  in  the  column  of  Lat, 
&  correfponding  dep.  will  be  the  diff.  longitude. 

low  ^5th  of  the  diff.  1024  is  51,2.  Then  under  the  courfe  330  15', 
i|  nft  51  among  the  diftances,  ftands  42,65  in  col.  of, Lat.  And  42,65 
lo  gives  853;  fo  the  diff.  lat.  is  140  13';  the  prefent  lat.  is  37"  05' N. 
tt  the  mer.  diff.  lat.  is  n 98  ;  -Xth  of  which  is  59,9. 

lo  the  courfe,  33"  15'',  againft  lat.  59,9,  or  its  neareft  60,2 1,  ftands 
j48 ;  'which  multiplied  by  20  eives  789,6  for  the  diff.  long,  required. 

"    '     '  PROBLEM 


384        GLOBULAR    SAILING. 

PROBLEM    VI. 

775.  Given  the  latitudes  of  two  places,  and  their  diftance. 
Required  their  bearing,  and  difference  of  longitude. 

Exam.  A  fnip  in  lat.  51°  18'  N,  long.  22°  06'  IV.,  is  bound  to  a  pi 
in  the  SE.  quarter,  dijlant  1024  miles,  and  in  lat.  37  °  00'  N. :  What  is 
direff  courfe,  and  how  ?nuch  mujl  Jhe  alter  her  long,  to  arrive  at  the  deji 
fort  ? 

By  Middle  latitude  sailing. 


Lat.  from 
Lat    to 

5*° 

37 

iS'N. 

60  N. 

'Sum  latitudes 
Middle  latitude 
Co-middle  latitude 

Fig.  12.     Plate  VIII. 

88°  18/ 

44  °9    | 

45  5' 

Diff.  lat. 

H 

18  ==  858  miles. 

By 

Construction. 

Draw  the  meridian  ad  =.  858  miles  ;  defcribe  the  quadrant  Kin\ 
From  a  with  1024  miles,  the  given  diftance,  cut  dc  drawn  parallel 
a  p,  in  c;  draw  AC.    In  the  arc  ef  defcribed  with  the  fine  of  45*5 
the  co-middle  lat.,  apply  dc  the  departure  from  E  to  f  j  thro'  f  dri 
AB,  and  draw  the  chord  b  m. 

Then  the  courfe  is  meafured  by  the  arc  m  c ;  and  the  diff.  long,  by  1 1 
line  MBt 

By  Computation. 

For  the  diff.  longitude. 
c     •     t     :  :     p     :     l. 
As  cof.  m.  lat.  rr  450  51'  ■  0,144 
To  tang.  Cou.  =   33    05       9.813 
So  diff.    lat.      =±858  2,933 j 


For 

the  Courfe 

. 

ac  : 

Rad 

:  :  ad  : 

fin.Z-C. 

As  dift. 

=  1024 

6,98970 

ToRad 

—  900  oo' 

10,00000 

So  diff.  1 

it. 

=  858 

2.93349 

To  cof.  Cou. 

*  33°  oS' 

9,92319 

Courfe  SE.  b.  S.  nearly. 


To  diff.  long.  ^779 


2,891 


Now     az^oo'W.  =3  Long,  fro 
60)  779  (  12    59  E.    =  «Diff.  Ion; 


9V  07  W.  r=  Pref.  lonp 


By  the  Traverse  Table. 

With  the  diftance  and  diff.  lat.  in  their  columns,  find  the  courfe  amo 
the  degrees,  and  the"  dep.  in  its  column. 

With  the  co-middle  lat.  among  the  degrees,  and  the  dep.  in  its  c 
lumn,  find  the  diff.  long,  among  the  diftances. 

Thus.  To' the  dift.  51,  and  the  lat.  42,77,  the  neareft  to  51,1  ai 
42,9,  being  the  20th  parts  of  the  dift.  1024  and  diff.  lat.  858;  t 
courfe  is  33"  00',  and  the  dep.  27,8. 

With  the  co-middle  lat.  45 •  51',  or  460,  againft  the  dep.  27,8  fran 
39  in  the  col.  of  dift.,  which  multiplied  by  20  gives  7&0  for  the  di 
long. 

Note,  The  lat.  42,77  is  preferred  to  the  lat'.  42,89',  which  is  nearer 
4.2,9;  becaufe  taking  the  proportion  between  51  and  51,2,  the  lat. 
the  former  cafe  comes  nearer  to  4.2,9  than,- »  the  latter  ca&.v 

11 
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J. 

..at.  from 

.at.  to 

i5Y    IV 

51°  iS'N. 

37    00  N. 

)iff.lat. 

14    18  — 

By  Mercator's    sailing'. 
Mer.  parts 
Mer.  pans 


858  m. 


Mer.  diff.  lat.       —. 


3597 
2393 

1204 


By  Construction.     Figi  20.     Plate  VIII. 
n  the  meridian  ab,  take  ab  =  1204,  the  merid.  difF.  lat.  and  Ari 
858,  the  proper  difF.  lat.:  Defcribe  the  quadrant  Amp;    from   A$ 
p  the  diftance  1024,  cut  dc,  drawn  parallel  to  Ap,  in  c  ;  draw  ACj 
;ich  continue  till  it  meets  be,  drawn  parallel  to  a/>,  in  e. 
fhen  be  —  difF.  long,  and  arc  m  c  meafures  the  courfe. 


Computation  by  Meridional  partSi 
For  the  Courfe.  t  For  the  diff.  longitude. 


c  :  Rad  :  :  ad  :  f.  z_acd. 

Rad     :     t     : :     m 

:     L. 

Hit.              rr    1024            6,98970 
Rad             fp:  90°  oo'     io,cCooo 
.  diff,  lat.  —  858             2,93349 

As  Rad             =r  450  oo' 
To  tan;  Cou.    =:  33  05 
So  m.  difF.  lat.  ff:    1204 

10,00006 
9,81 .39c* 
3,08063 

:of.  Coa. 


33  05'       9,92319 


Durfe  SE.  by  S.  nearly. 


To  diff  long,    n  784,4         2,89453 

Now     22°o6/W.  rr  Long,  front 
60)784(13    04  E.    ==  DifF.  long. 

9    02  W.  =  Long.  to. 


Computation  by  the  Logarithmic  tangents. 
fcpart.  lat.      516  18'.  Co-lat.     38°  42'.  f  co-lat. 

■jt.  bound  to  37    00.  Co-lat.     53    00.  t\  co-lat. 


19*  i\K 
26   30. 


Id  §  co-lat.     z6°  30',  its  log.  tang. 
•p  I  co-lat.     19    21,    its  log.  tang. 


Difference        — 


9>69774 
9.54552 

1522,2        == 


c. 


For  the  Coilrfe. 
p  :  Rad  ::  ad  :  f.  Z.acd. 


rfe  is  S.  33*  05'  E,  as  above. 


For  the  diff  longitude. 

n     :     g     :  :     t     :     l. 

As  n  =  9,85849' 

To  g  :±  1522       3,18241 

./ 

5 


So  tang.  Cou.      es  330  05'     9,81390 


To  diff.  long.     ~  784,9        2,89480 


By  The  Traverse  Table. 

rith  the  diftance  and  difF.  lat.  in  their  columns,  find  the  courfd 
atoig  the  degrees* 

Tith  the  courfe  among  the  degrees/  and  the  mer.  difF.  lat.  in  the  col. 
»f  It.  find  the  difF.  long,  jn  the  CoL  of  departure. 

'he  courfe  found  as   before  is  330  00'. 

nd  ~th  of  the  mer.  difF.  lat*  viz.  60,2,  found  under  330  in  the  col. 
x  it.,  the  neareft  correfponding  dep.  is  39,21  j  which  multiplied  by 
fcOives  784,2  for  the  difF,  longitude. 

Ddd  PROBLEM 


3S6 


GLOBULAR    SAILING. 


PROBL  EM    VII. 
777.  Given  the  latitudes  of  two  places,  and  the  departure. 

Required  the  courfe,  diftance,  and  difference  of  longitude. 

Exam.  A  /hip  from  the  latitude  37*  00'  iV.,  longitude  480  20'  W, 
fails  between  the  N.  and  E.,  and  being  come  to  the  lat.  510  18' 2V.,  fine 
jhe  has  made  564  miles  of  departure :  IVhat  was  her  direel  courfe,  diflam 
run,  and  prefent  longitude  f 

By  Middle   latitude  sailing. 


Prefent  lat. 
Departed  lac. 

Diff.  lat. 


510  i8'N. 
37   00  N. 


14    1 


8-58  m. 


Sum  latitudes 
Mid.  lat. 
Co.  Mid.  lat. 


88°   18' 


44  °9 

45  51 


By  Construction.  Fig.  13.  Plate  VIII. 
In  a  meridian  line,  take  ad  =  858  m.,  the  diff.  lat.  Defcribe  the  qu; 
errant  a  mp,  and  parallel  to  a/>  draw  dc  —  564  m.  the  departure;  al 
draw  the  diftance  ac  :  In  the  arc  ef,  defcribed  with  the  fine  of  the  co-mi 
lat.  45*  51',  apply  the  chord  ef  equal  to  dc;  thro'  f  draw  ab  ;  th< 
the  chord  mB  will  be  the  diff.  long.,  and  the  arc  mc  meafures  tl 
courfe. 

By  Computation. 


To  find  the  Courfe. 
ad  :  dc  :  :  Rad  :  t.  Z.DAG. 

As  diff.  lat.       ==  858  7,06651 

To  Depart.       :=  564  2,75128 

So  Rad  =r  45  °  oo;     10,00000 


To  tang.  Cou.  =r:  33    19        9,81779 


To  find  the  Diflance. 
fin.Z-DAC  :  dc  :  :  Rad  :  ac, 

As  fin.  Cou.      =   330  1  <f       0,260 
To  Depart.       =564  2,751 


So  Rad 
To  Bill. 


—  90    00'     10,000 


1027 


3,011 


To  find  the  diff.  longitude. 


As  eof.  m.  lat. 
To  Rad 
So  Depart. 

To  diff.  long. 


: :     d 

90  00 

564 

786 


:     l. 

0,14417 
1 0,000c  o 

'2,75128 

2,89545 


Or  c     :     t     :  :     p     :     l. 

Now  480  20'  W.  —  Dcp.  lot 
60)786(13    06  E.    =  Diff.  Iod 


35    H 


W.  =r  Pref.  I01' 


Courfe  NE.  b.  N.  nearly. 


By  the  Traverse  Table. 

The   diff.  lat.  and  dep.  being  found  together,  will  give  the  cou 
among  the  degrees,  and  the  diftance  in  its  column. 

With  the  co-mid.  lat.  among  the  degrees,  and  the  dep.  in  its  cl 
find  the  diff.  longitude  among  the  diftances. 

Now  ~th  of  858,  the  diff.  lat.,  and  of  5(34,  the  dep.,  are  42*9  al 
28,2.  The  neareft  numbers  to  thefe  are  found  together  under  the  cou: 
33°  3q/5  a"d  to  the  diftance  51  ;  which  multiplied  by  20  gives  1020. 

Alfo  the  dep.  28,2  being  found  to  the  co-mid.  lat.  46%  gives  35 
which  multiplied  by  20  gives  780  for  the  diff.  longitude. 

5ut  the  parts  being  proportioned,  gives  51,2  for  the  dift. ;  and  3* P 
for  the  diff.  long. ;  thefe  multiplied  by  20,  give  1024  and  784. 

T 
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By  Mercator's  sailing. 


78. 

Prefent  lat.         510   iS'N 
Departed  lat.      37    co  N 


DifF.  lat. 


Mer.  parts 
Mer.  parts 


14    18  =  858  m.         Mer.  difF.  lat. 


3597 
2393 

1204 


By  Construction.     Fig.  21.    Plate  VIII. 
In  a  meridian  line  take  ab  =  1204  m.,  the  mend.  difF.  lat.  j  and 
d  =  858  m.,  the  prop.  difF.  lat.     Defcribe  the  quadrant  Amp;  thro* 
draw  dc  parallel  to  a/>,  and  make  dc  =  564  m.,  the  dep.     Thro' 
draw  ae  meeting  be  drawn  parallel  to  a  p. 

.Then  is  ac  the  dift.,  be  the  difF.  long. ;  and  the  arc  mc  meafures 
e  courfe. 

Computation  by  Meridional  parts. 

For  the  Dljlance. 

dc  :  :  Rad  :  AC. 
=  33°  19'      0,26022 
=  564  2,75128 

=  90s  oo'    10,00000 


For  the  Courfe. 
ad  :  dc  :  :  Rad  :  t.Z_DAC. 

1  difF.  lat.       =  858             7,06651 

0  Depart.       —  564             2,75128 

Rad              rz  450  oo'    10,00000 

Fo 

fm.Z-DAC 

As  fin.  Cou. 
To  Depart. 
So  Rad 

j)  tang.  Cou.  —  33   19        9.81779 

To  Dift. 

=:  1027 


3,01150 


For  the  dlff.  long,     p  :  d  :  :  m 

prop.  difF.  lat.  r=   858  7,06651 

>  Depart.          —  564  2,75128 

mer.  difF.  lat.    —   1204  3,08063 


>  difF.  long. 


791,5      2,89842 


:  l.     Or    r  :  t  :  :  m  :  l. 

Now  480  20' W.  ~  Dep.  long. 
60)791(13     11   E.    =  DifF.  long. 

35     09  W,  =  Pref.  long. 

.  Courfe  NE.  b.  N.  nearly. 

Computation  by  Logarithmic  tangents. 
jDeparted  lat.     370  oo'N.      '  Co-lat.     530  oo'.         £  co-lat.     260  30'. 
[Prefent    lat.        <^i     18  N.  Co-lat       28    42.  |  co-lat.      iq     21. 

|lo  ~  co-lat.  20     30,  its  log.   tang.  zz  9,09774 

.To  §  co-lat.  19    21,    its  log.  tang.         =     •    9,54552 

Difference         ~  1522,2     —     g, 

,  T  For  the  dlff.  longitude. 

The  courfe  and  diftancc  are  found  n     :     g     ::     t     :     l. 

< above,  j  As  n  =  9,89849 

j  To  g  —  1522  3,18241 
I  So  tang.  Cou.  =z  330  19'  9,81776 
j  _ 

j  To  difF.  long.     =  791,9       2,89866 

By  the  Traverse  Table. 
The  courfe  found  as  before  is  30*  30' ;    under  which    againft  60j2 
l=~oth  of  the  mer.  difF.  lat.)  in  the  col.  of  lat.,  ftands  39,74  in  the 
tl.  of  dep.    Then  39,74  X20  =  794,8,  the  difF.  longitude. 


D  dd  2 


PROBLEM 


•338 


GLOBULAR    SAILING. 


PROBLEM    VIII. 

779.  Given  one  latitude,  the  courfe  and  departure  ; 

Required    the  other  latitude,  diftance,  and  diff.  longitude. 

Exam.  A  Jhip  from  the  latitude  510  1 8'  AT.,  longitude  90  50'  TV.,  fa 
33°  iq'  TV.  until  her  departure  is  ^64.  miles :    Required  her  trefent  la\ 


S.  33°  19'  TV.  until  her  departure  is  564 
tude,  Icnghudt  and  dijlance  f 

By  Middle  latitude  sailing. 

J3y   Construction.     Fig.  14.     Plate  VIII. 
Draw  a  meridian  line  ad,  defcribe  the  quadrant  Amp;  make  a  a  :, 
564,    the  departure,  and  the  arc  ?nc— :  330  19',  the   courfe;    thro'[l 
3raw  the  rhumb   ac  meeting  a  c,  drawn  parallel  to   ad,  in  Cj  ail 
draw  cd  parallel  to  a  p. 

By  Computation. 


•  For  the  diff.  latitude. 
fin.Z.DAC  :  cd  :  :  fin.Z.ACD  :  ad. 

Now 

60}  858 

5>° 

18'N. 
18   S. 

=:  Dep.  lat. 
=  Dift:  lat. 

=  Pref.  lat 

=:  Sum  kits. 

=  Mid.  lat. 

=  Co-m.  1; 

As  fin.  Cou.     =  33°  10/       0,26022 
To  Depart.       ~   564              2,75128 

,3? 

00  N. 

So  cof.  Cou.     =:  33c  19'       9.92202 

88 

18 

To  diff,  lat.      =  858             2,93352 

44 

09 

45 

h 

Then  in  the  arc  ef,  defcribed  with  the  fine  of  45?  51',  apply  c 
from  £  to  f :  thro'  f  draw  ab  j  and  draw  the  diff.  long,  b  m. 

To  find  the  Dijlance.. 
fin.  Ad  ac  :  cd  ::  Rad  :  ac. 


As  fin.  Cour. 

=33°  19' 

To  Depart. 

—  564. 

So  Rad 

==  900  00' 

0,26022     As  cof.  m.  lat. 


To  Dift.  z=.  iczy 


2,75128 
j  0,00000 

3,01150 


To  find  the  diff.  longitude. 
As  c    :    Rad    :  :    d    :    l. 


To  Rad 
So  Depart. 

To  diff.  long. 


=  45°  51'  °.H4 
=:  90  00  ip.ooa 
==   564  2,751^ 


786        '  2,895: 


Now     90  50' W.    =     Dep. long. 
60)786(13    06  W.    =     Diff.  long. 

22    56  W.    ==     Pref.  long. 

By  the  Traverse  Table. 

With  the  courfe  (330  15'  the  neareft  to  330  19')  and  the  depa 
(28,2  ==  ^th  of  564)  in  its  column,  find  in  the  col.  of  lat.  the  di 
Jat.  (42,53)  and  in  the  col,  of  dift.  find  the  dift.  (51). 

Then  42,53  x  20  =  850,6 ;  and  51x20=  1020. 

Jience  the  prefent  lat.  is  370  07'  N.,   and  the  cp-mid.  lat.  450  48'. 

The  co-mid.  lat.  45,46  and  dep.  28,2  gives  in  the  column  of  1 
fiances  39,  which  multiplied  by  20,  gives  780,  for  the  diff.  of  longitu( 

But  proportioning  for  the  difference,  gives  39,2 ;  and  39,2  x  20 
^84,  for  (he  diff.  longitude.' 
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jo.  By  Mercator?s  sailing. 

By   Construction.     Fig.  22.     Plate  VIII. 
Draw  a  meridian  line  ab;    defcribe  the  quadrant  Amp;    make  A  a 
1  564,  and  the  arc  m  c  —  330  19' ;    draw  a  c  parallel  to  ab   meeting 
t  rhumb  ac,  drawn  thro'  c,  in  c  ;  and  draw  the  departure  ci}  parallel 
t'Ap. 

Computation  by  Meridional  parts. 


For  the  dijf.  latitude, 
I^dac  :  cp  : :  fin.z_DCA  :  ad. 
/  fin.  Cou.     —  33°  19'      0,26022 
1  Depart,        —   564  2,75128 

8  cof.  Cou.     —   330  ic/       9,92202 


Now     510  iS'  N. 
60)  858  (  14   18    S. 

%i   00  N. 


1  diff.  Iat.     = 


2,9335'- 


I?ep.  Iat. 

Diff.    Iat. 

:     Pref.   Iat. 

To  510   18' merid.  parts    =  3598 
To  37    00  merid.  parts    tzz  2394 

Merid.  diff.  Iat.    =   1204 


Then  make  ab  =  1204;  draw  be  parallel  to  Ap,  meeting  Ac  con- 
|ued,  in  e  ;  and  be  is  the  diff.  of  longitude. 
To  find  the  Difiance. 


j;fin.Z.DAC 
/fin.  Cou.  — 
1  Depart.  — 
SRad  rr 


dc  :  : 

33°  19 

564. 
900  00' 


1  Dift.  =  1027 


Rad  :  ac. 

'      0,26022 

2,75128 

10,00000 

3,01 1 50 


To  find  the  diff.  longitude. 


P     :     D 

As  p.  diff.  Iat. 
To  Depart. 
Somerldiff.  Iat. 


M 
858 
$64 

I204 


7,06651 
2,75128 
3,08063 


Tp  diff.  long.      r_  791,4        2, 


Now 
60)791 


9l 

!3 


50'  W.  r=  Dep.   long. 
11    W.  =  Diff.   long. 


23    01    W.  =2  Pref.  long. 


Computation  by  Logarithmic  tangents. 
Find  the  diff.  latitude  and  prefent  latitude  as  above. 
Then,  Dep.  Iat.     5i°i8/.         Co-lat.     3 8°  42'.         £.  co-lat. 
Pref.  Iat.     37    00.  Co-lat.     53    00.  \  co-lat. 


19* 

26 


21' 

30. 


To  \  co-lat.   2t-°  30^    the  log.  tang,  is 
fo  I  co-lat.  19    zi,    the  log.  tang,  is 

Difference 

To  find  the  diff.  longitude.  N 

/  n  =  9,89849 

'G  Z=    I522  3,18241 

£tang.  Cou.      zz  33S   19'   9,81776 
1  diff.  long,      eh  791,8       2,89866 


The  diftance  and  prefent  longi- 
tude may  be  found  as  above. 


By  the  Traverse  Table. 
"ind  as  before  the  diff.  Iat.  =  851 ;  and  the  diftance  r=  1020. 
Then  the  prefent  Iat.  is  37?  07'  N.  3   and  the  mer.  diff.  Iat.  is  1197  ; 
•ath  of  which  is  59,85. 

Now  under  the  courfe  33°  15',  and  againft  60,21,  the  neareft  to 
5,85  in  the  col,  of  Iat.,  ffands  in  the  col.  of  dep.  39,48 ;  which  mul- 
tfied  by  20,  gives  789.6  for  the  diff.  longitude/ 

PROBLEM 


39° 


GLOBULAR    SAILING. 


PROBLEM     IX. 

781.  Given   one  latitude,  the  diftance  and  departure; 

Required  the  other  latitude,  courfe  and  diff.  longitude. 

Exam.  A  jhip  from  the  latitude  37*  oo'  N.t  longitude  9'  02'  TP*.,  h\ 
big  failed  between  the  N.  and  IV.  1027  miles,  reckons  Jhe  has  made  $\ 
miles  of  departure  :  What  was  her  dire  ft  courfe ',  and  the  prefent  latit  \ 
and  longitude  ? 

By  middle  latitude  sailing. 

By  Construction.    Fig.  15.    Plate  VIII. 
Draw  the  meridian  line  ad  ;  defcribe  the  quadrant  Amp;  make  Jj 
=  564  m. ;  from  a  with  1027,  the  diftance,  cut  «c  drawn  parallel: 
ad  in  c  ;  draw  AC,  and  draw  the  departure  cd  parallel  to  a  p. 


By  Computation. 


ac  :  R; 

As  Dift. 
To  Rad 
So  Depart. 


To  find  the  Courfe. 


cd  :  fin.Z.DAC. 


—  1027 
ir  90°  oo' 

=  564 


6,98843 

10,00000 

2,75128 


To  fin.  Cour.    =3  330  19'      9>7397i 


Now     37' 
6o)858(  14 


00' N. 
18  N. 


Dep.   lat. 
Diff.   lat. 


51 


N.    = 


To  find  the  diff.  latitude. 
Rad  :  ac  :  :  fin.^DCA  :  ai 


As  Rad 
To  Dift. 
So  cof.  Cou. 


==  90   oo' 
3=  1027 
3=  33°  »9X 


I0,00( 

3>oi: 
9>92; 


To  diff.  lat.      =  858,2 
Sum   latitudes 
Mid.  lat. 


5,2 

*» 
f 

93: 

88° 

1 8' 

44 

09 

45 

?i 

Pref.   lat 

Co.  Mid.  lat 

Then  defcribe  the  arc  ef  with  the  fine  of  450  51',  and  therein  ap 
CD  from  E  to  F ;  thro'  F  draw  ab  \  and  draw  the  diff.  long,  b  m. 

To  find  the  diff.  longitude.         c     :     T     :  :     P     :     L. 
450  51'    0,14417 

9,81776 
2.93359 


As  cof.  m.  lat. 

To  tang.  Cour.  35   33    19 

So  diff.  lat.  3=   858,2 


To  diff.  long.     =:  786,2        2,89552 


Now       90  o27  W.  =  Dep.  lor 
60)786(13    06   W.  =3  Diff.  lor: 


Z2    08   W.  =  Pref.  loir 


Courfe  is  NW.  b.  N.  nearly. 


By   the  Traverse   Table. 

Now  -^th  of  the  diftance,  and  of  the  dep.,  are  51,35,  and  28,2. 

Find  in  fome  column  of  departure,  the  neareft  number  to  the  giv 
departure  (28,2)  ftanding  againft  the  given  diftance  (51);  which  tl 
gives  the  courfe  (330  30')  among  the  degrees ;  and  the  diff.  lat,  (42,* 
in  its  column. 

Then  42,55  x  20  =  850,6  :  Hence  the  pref.  lat.  is  510  n'  N.  j  * 
the  co-mid.  lat.  is  45s*  55'. 

With  the  neareft  co-mid.  lat.  (460)  and  the  dep.  {28,2)  find  amo 
the  diftances  (39)  the  diff.  longitude. 

Then  39  x  20  3=  780,   for  the  diff.  longitude. 
',  But  by  proportioning  the  parts,  the  diff.  lat,  will  be  found  to  be  85 
and  the  diff.  long.  784, 

7^ 
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39t 


By  Mercator's  sailing. 

By  Construction.     Fig.  23.     Plate  VIII. 
)raw  a  meridian  ab  ;  defcribe  a  quadrant  Amp  ;  make  a  a  =  564; 
hw  0  c  parallel  to  ab  ;  from  a  with  1027,  the  diftance,  cut  a  c  in 
:  draw  the  departure  cd  parallel  to  a/>,  and  draw  the  distance  ac 

Computation  by  Meridional  parts. 

To  find  the  dijf.  latitude. 

Rad  :  ac  :  :  fin.Z.DCA  :  ad. 

As  Rad  ~  900  oo'     10,00000 

To  Dift,  ==   1027  3,01 157 

To  cof.  Cou.    :±  330  05'      9,92202 


To  find  the  Courfe 

c  :  Rad  ::  cd  :  fin.Z_DAC 

\iDift.  ==   1027    .       6,98843 

rRad  r=  900  oo'     10,00000 

kDepart.       =  564  2,75128 


f  fin.  Cou.    =  330  19'       9,73971 


1  Tow     370  oo'  N. 
k  858  (  14    18  N. 


Dep.  lat. 
Diff.  lat. 


51     18  N.     =£     Pref.  lat. 


To  difF.  lat.     =  858,2 


2>933S9 


To  5i( 
To  37 


18' 

00, 


the  mer.  parts 
the  mer.  parts 


3598 
2394 


Mer.  difF.  lat.  =  1204. 


.  ;"hen  make  ab  =  1024 ;  continue  ac  till  it  meets  be  drawn  parallel 
\t\p  ',  and  be  is  the  difF.  longitude. 

To  find  the  diff".  longitude.         Rad     :     t     :  :     M     :     L. 


RfRad  =  450  oo'     10,00000  |      Now       90  02' W.  =:  Dep.  long. 

l| tan.  Cou.   =   33     19        9,81776 
Sin.  difF.  lat.  =   1204  3,08063 


I  difF.  long.  =:  791,4 


2,89839 


60  )  791  (13     11  W.  =  DifF.  long. 


22     1 3  W.  rr  Pref.  long. 

Courfe  NW.  b.  N.  nearly. 
Computation   by  Logarithmic  tangents* 
rind  the  courfe  and  prefent  latitude  as  above. 
rhen,  Dep.  lat.     370  oo'.         Co-lat.     530  00'.         f  eo-lat.     26*  30'. 
Pref.  lat.      51     18.  Co-lat.     38    42.    '       f  co-lat.     19    21. 


?o  \  co-lat.  260  30',  the  log.  tang,  is 

7o  I  co-lat.  19    2i,   the  log.  tang,  is 

Difference  is 

To  find  the  diff.  longitude. 

An  =  9,89849 

1  g.  =  1552  3,18241 

&tang.  Cou.  =  33°  19'       9,81776 


9>69774 

1^22,2       ~       GJ 


L. 


T  difF.  long.    =  791,8         2,89866 


The  prefent  longitude  may  be 
found  as  above. 


By  the  Traverse  Table. 
?ind  as  before,  by  proportioning  the  parts,  the  difF.  lat.  =  856,  and 
tl  courfe  N.  33*  30'  W. 

,-lence  the  prefent  lat.  is  51*  16'  N. ;  and  the  mer.  difF.  lat.  =  12 CO, 
^rh  whereof  is  60. 

Then  in  the  col.  of  lat.,  under  33*  30',  find  60,04,  the  nearefr.  to 
6;  againft  which,  in  the  departure,  Hands  39,743  which  multiplied 
b  20,  gives  794,8  for  the  difF,  longitude , 

PROBLEM 


39? 


GLOBULAR    SAILING. 


PROBLEM    X. 
y$2-  Given  one  latitude,  departure  and  diff.  longitude; 
Required  the  other  latitude,  courfe  and  diftance. 

Exam.  A  Jhlp  from  the  latitude  510  18'  N.,  longitude  22°  06'  IP 
having  failed  between  the  S.  and  E.  for  feveral  days,  reckons  Jbe  has  mk 
564  miles  of  departure,  and  786  miles  6f  longitude :  What  is  the  lat.  a) 
long,  of  the  place  arrived  at,  and  alfo  her  direcl  courfe  and  dijlance  ? 
By  Middle  latitude  sailing. 
By  Construction.    Fig.  16.    PliteVlII. 

Draw  a  meridian  ad;  defcribe  the  quadrant  Amp;  in  the  are  m 
apply  the  chord  m  b  =  786,  the  diff.  long. ;  draw  Afi  ;  make  ma  d 
564 ;  draw  a  f  parallel  to  a  m$  and  with  the  radius  af  defcribe  the  ar 
FE,  and  draw  the  chord  ef. 

Then  is  ef  =:  departure,  and  ae  —  fine  of  the  co^mid.  lat. 

By  Computati6n. 


To  find  the  co-mid.  latitude. 


D 


Rad 


c. 


As  diff.  long.    =:  786  7,10458 

To  Depart.       :=  564  2,7512s 

So  Rad  ,  =z  900  oo;     io>ooooo 


To  cof.  re.  lat.  ±r  45  51        9,85586 


Prefent  lat.     —  3  7    00 

Differ,  lat.     =    14.     i8=Sj8n 
Make  ad  =  858;  draw  dc  parallel  to  a/»,  and  equal  to  ef  ;  the 
AC  being  drawn  will  be  the  diftance;  and  z_dac  the  courfe. 


Now  Co-mid.  lat.  ~  450  51' 

Middle  lat.     =  44    09 

Sum  lats.       =88     18 
Depart,  lat.  '=51     18 


To  find  the  Courfe. 

p     :     l     :  :     c     :     t. 

As  diff.  lat.       =858  7,06651 

To  diff.  long.  .3|d  786  2,89542 

So  cof.  m.  lat.  =:  45"  51'      9,85583 

To  tang.  Cou.  ==  33     19      9,81776 

Now     220o6'W.  =  Dep.  long. 
60)  786  (  r3    d6  E.    —  Diff.  long. 

9    00  W.  zss  Pref.  long. 


To  find  the  Dijlance. 
fin.z.DAc  r  Dc  ::  Rad  :  ac. 
As  fin.  Cou.     rr   330  19' 


To,  Depart.      rr  564 


So  Rad 
To  Dift. 


rr  90    oo' 
=   1027 


0,2602 
2,7512 

10,0000 

3,01 1  j 


The  Courfe  is  SE.  b.  S,  nearly, 
Diftance    1027  miles. 
Prefent  lat.  370  oo7  N. 


By  the  Traverse  Table. 

Now  ~6th  of  the  diff.  long,  and  dep.  are  39,3  and  28,2. 

Seek  in  the  table,  till  the  given  dep.  28,2  is  found  in  its  col.  again: 
the  given  diff.  long.  39  in  the  col.  of  diftances  ;  and  it  gives  the  cc 
mid.  lat.  among  the  degrees. 

Here  28,2  falls  between  28,05  Over  46°,  and  27,89  over  450  40' 
therefore  taking  the  co-mid.  lat.  =  450  50',  the  prefent  lat.  is  370  0: 
N. ;  the  diff.  lat.  is  856  ;  and  its?  -'-th  is  42,8% 

Then  42,8  and  28,2  will  be  found  together  under  330  30'*  the  eourli 
and  between  51  and  52  in  the  diftanees;  fuppofe  ^t^lf  Which  fiiultiplic 
by  20,  gives  1024  for  the  difhncs0  78*1 
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PROBLEM    XI. 
784.  Given  one  latitude,  courfe  and  difference  of  longitude; 
Required  the  other  latitude  and  diilance. 

Exam.  A  Jhip  from  the  lat.  37*  oo'  N.,  long.  22°  56'  W.,  runs  eft 
1  courfe  N.  330  10/  E.  Until  Jhe  finds  her  diff.  lengitude  is  ?86  mktt 
i  hat  is  her  prefent  latitude  and  dijlance  failed  ? 

This  problem  cannot  be  refolved  by  Middle  latitude  failing. 
By  Mercator's  sailing. 
By  Construction     Fig.  24.    Plate  VIII. 
DfaW  the  meridian  ab;  defcribe  the  quadrant  Afnp;  continue  a  p 
I    a  a  £=  786  miles,  the  diff;  long.,    and  draw  a  e    parallel  to   ab* 
tike  the  arc  mc  =  33"  19';  draw  the  rhumb  a  c  till  it  meets  a  E  in 
I  arid  draw  ES  parallel  to  a  p. 

Computation  by  Meridional  parts. 


to  find  the  Mer.  diff.  latitude. 


t     :     R 
/tan.  Cou. 
5  Rad 

S  diff.  long. 


=  33  19 
=  45  00 
=  7S6 


lm, diff.  lat.  a:  1 196 


M. 

0,18224 

10,00000 

2,89542 

3.07766 


Dep.  lat.  376  oo'N 

14N. 


fJer.  pts. 
Merd.  lat. 


Pref.  lat.  51 
Diff.  lat.  1 4 


M.  pts. 
14  ==  854  miles. 


2  394' 
1196 

3596 


tfake  ad  =  8,54,  draw  DC  parallel  to  Ap  ;  then  AC  is  the  diftance* 
To  find  the  dijlance. 


Acoi"  Cou. 
I  diff.  lat. 

Si  Rad 

|Difl 


=  33°  19' 
=  854 
as  900  oo' 

a:  1022 


fin.Z.DCA 

0,-07798 
2,93146 

IO,OOOCO 

3  00944 


AD 


Rad 


AC* 


Computation^  Logarithmic  tangents. 


To  find  the  prefent  latitude. 
t     :     L     : :     N     :     g. 

A:ang.  Cou.    =  330   19'    0,18224. 
rdiff.  long.    =  786  2,89542 

Sen  as  10,10151 


a=  1511 


3,17917 


Dep.  lat. 

370  oo'. 

Co-lat.  53*  oo'. 

\  co-lat. 

26    30. 

L.  tan.   9.69774 
g  =         1511 

I  co-lat.     29    i^     L.  tan.  9,54664 

— ■  1——  ■  ■  a 

Co  lat.       38    48. 

Therefore  the  pref.  lat.  is  51°  i2'N. 
By  The  Traverse  Table. 
eek  the  diff.  long,  in  the  col.  of  dep.  to  the  given  eourfej  and  it 
gi;'s  in  the  col.  of  lat.  the  mer.  diff.  lat. 

lius  under  33°  15',  againft  39,3  (=  T~th  of  786)  in  the  dep.  ftands 
S5j8 ;  or  by  proportioning,  59>§6,  which  multiplied  by  20,  gives 
•7  for  the  mer.  diff.  lat.  Hence  the  prefent  lat.  is  51'  14'  N.  j  and 
thjdiff.  lat.  854 ;  its  -^th  is  42,7. 

'hen  under  330  15%  42,7  in  the  coL  of  lat.  ftands  againft  51  in  the 
co  of  diftancesj  which  multiplied  by  20,  gives  1020  for  the  diftance. 

Eee  SECTION 
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SECTION    V. 

785.  Of  compound  Courfes  cor  reeled  by  Longitude. 

How  to  folve  compound  courfes,  or  Traverfes,  on  the  principle 
plane  failing*  has  been  already  fhewn  :  But  it  is  neeeilary  alfo,  to  ft 
how  the  proper  allowances  for  longitude  are  to  be  introduced  i 
fuch  accounts ;  which  is  ufually  done  by  the  following  methods. 

Rule   I. 

786.  I  ft.  Complete  the  Traverfe  tabJe  to  each  courfe  and  diflar 
an4  find  the  whole  difference  of  latitude,  departure  and  prefent  latituc 

2d.  Then  with  the  departed  latitude,  and  prefent  latitude,  find 
co-middle  latitude  ;  with  which,  and  the  departure,  find  the  courfe, 
ftance,  and  difference  of  longitude,  as  in  a  fingle  courfe.    By  Pr 

VII.  (7; 

But  the  longitude  arrived  in,  is  more  accurately  found  by  the  folk 
jng 

Rule  II. 

787..  iir.  Complete  the  Traverfe  table  as  before. 

id.  Make  a  table  of  feven  columns,  title  them  Dep.  Iat3.,  Pref.  I; 

Sum  lats.,  Mid.  lats.,  Co-mid.  lats.,  -'''  1  Jr~?* 

.    h..  J  vv. 

3d.  By  the  feveral  differences  of  latitude  in  the  Traverfe  table, 
up  the  firft  and  fecond  columns,  and  hence  the  correfponding  fum  1; 
mid.  lats.,  and  co-mid.  lats.  will  be  obtained.  (7 

4th.  With  each  correfponding  co-mid.  lat.  and  departure,  find  the>; 
ference  of  longitude  to  each  courfe,  and  fet  them  in  columns  mat 
E.  W.?  according  to  the  name  of  the  departure  ufed. 

5th.  Add  up  both  the  caft  and  weft  columns  of  longitude,  an4< 
difference  of  their  fums  will  be  the  whole  difference  of  longitude. 

The  firft  of  thefe  rules  gives  the  method  commonly  practifed  at 
but  the  latter  is  more  to  be  truited  to,   efpecially  if  there  are  fev 
courfes  concerned. 


788.  Example  I.  Snppofe  a  Jhip  from  the  latitude  52°  20'  A'.,  i 
git  ink  14*  38'  TV.,  has  failed  the  following  c&urfes,  viz. 

\  fe  ESE.  43  m.    2d.  SW.  32  m.     3d.  SE.b.$.5§m.     4th.  SSW.il 

Required  her  prefent  latitude  and  longitude  ? 
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By  the  first  Rule. 


The  Traverse  Table. 


Couries. 


ESE. 
SW. 

SE.  b.  S. 
SSW. 


Oil. 


43 

32 

58 
60 


N. 


16,5 
zz,6 
48,2 
55>4 


142,7 


E. 


39>7 
32,2 


7'>9 
4'5>6 


,  26,3 


W. 


2  2,6 
23,0 


45>6 


By  Middle  latitude. 


To  find  the  cliff,  longitude. 


ep.  lat. 
iff.  lat. 

efent  lat. 

m  of  lats. 

id.  lat. 
3-mid.  lat. 

spart.  long, 
iff.  long. 

±z 

5*° 
2 

20'N. 

23  S. 

49 

57  N. 

102 

*t  . 

51 

3S 

08 

52 

14 

0 

38  V/. 
42  E. 

BY    IVlERCATOfc. 

Dep.  lat.   52°  2o;N.     Mer.  pts.  3698 

Pref.  lat.  49    57  N.     Mer.  pts,  3470 

Mer.  diff.  lat.    228 


M 


U 


elcnt  long. 


=     1=    c6  W. 


As  prop.  diff.  lat.  =  142,7  7^455:8 

To  Depart.      .  -=  26,3  1,41996 

I  So  mer.  diff.  lat.  =228  2,35793 

To  diff.  long.  =  42,02  1,62347 


By  the  second  Rule. 

Working  by  middle  latitude. 
The  Traverfe  table  being  made  as  above. 


Dep. 

lats. 


52°  20' 
52  04 
51  41 
50    53 


Prefent 
lats. 


5  2°  04' 
51  41 
5-O-53 

40.     58 


Sum. 
lats. 


Mid. 
lat. 


IO40    24'h2°   I2; 

103  45  hi  5z 
102  34J51  17 
100    <;i  ho    26 


Co  mid 
lat. 


37°  48' 
38    c8 

33    43 
59    34 


The  diff.  longitude  found   by  this   method 
<!ers  from  the  firft,  by  only  1  min. 


Differ   lon^it. 


iuo; 


O    51 


I     50 
*     '3 


o    43 


w. 


°    37 
o    36 


*    i'3 


Here,  in  the  col.  figned  Dep.  lat.,  the  lat.  failed  from  is  entered, 
uich  is  52*  20';  from  whence  the  firft  diff.  lat.  16'  S.  being  taken, 
lives  52*  04/  N.  for  the  prefent  lat.,  which,  with  regard  to  the  next 
(urfe,  is  a  departed  lat.  alfo  j  therefore  it  is  put  alio  among  the  dep. 
Is.    Then  the  next  diff.  lat.  22,6  m.,  or  rather  23  m.,  being  taken  from 

E  e  e  2  the 
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the.laft  departed  lat.,  leaves  51®  41'  for  the  next  pref.  lat.  >  and  procee 
»n  this  manner  until  the  prefent  latitude  is  found  at  the  end  of  tr, 
courfes:  Then. take  the.  fums  of  thofe  departed  and  prefent  latitude 
{landing  again§_one  another ;  alfo  let  the  mid.  latitudes  and  co-mid.  h 
titudes  be  wrote  in  the  columns  as  there  titled :  And  then  with  thel 
co-mid.  latitudes  and  the  correfponding  departures,  found  before  in  th 
Traverfe  table jnftnd  the  refpedlive  differences  of  longitude  (777),  whic 
put -in  their  proper  columns.  And  hence^the  whole  difference  of  lor 
gitude  Is  readily  found. 

By  the"  second  Rule. 

o  r  forking  by  Mercator. 


The  Table. 


Courfes. 


ESE. 
SW. 
SE.  b.  S. 

ssw. 


Dift. 


43 
32 
58 
60 


N. 


S. 


16,5 

22/ 
48,2 


Succeflivt 
latiu 


52*  2o'N 

J  2    04 

JI  41 

50    53 


A.  diff 
lat. 


26,1 

3^.3 
76,7 
86,1 


DifF.  lonsr 


E.      W. 


63,0 

5i»2 


37>3 


,   Here  the  diff.  longitude  is  nearly  the  fame  as  be- 
fore. 


114,2 
73.0 


41,2 


73>c 


Dlcn. 


In  this  operation  the  departures  are  not  wanted,  therefore  only  tl 
differences  of  latitude  are  found  in  the  traverfe  ;  and  with  thefe  tl 
columjn  of  fucceffive  latitudes  arc  eafily  filled :  To  thefe  let  the  mer 
dional  parts  be  taken,  and  their  differences,  as  in  the  columns ;  thf 
with  the  courfes,  and  the  meridional  diff.  latitudes,  the  differences  6 
longitudes  are  found  as  directed  in  art.  772. 

From  all  thefe  operations  it  appears,  that  in  forming  the  account  1 
a  day's  work,  in  almoft  any  latitude,  the  difference  of  the  refult  1 
either  method,  working  by  Mercator  or  by  Middle  latitude,  is  fo  ve 
inconfiderahle,  that  it  is  indifferent  which  of  them  is  ufed  j  efpecial 
if  thefe  accounts  are  corrected  by  proper  obfervations  made  as  often 
it  {hall  be  thought  convenient,  or  as  they  caii  be  obtained. 

However,  that  the  mariner  may  have  a  further  proof  of  the  agreeme 
between  the  different  methods  propofed,  the  following  example,  in  1 
iitudes  as  high  as  molt  navigations  are  performed,  is  here  annexed,    , 
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789.  Example  II.  Suppofe  a  Jhip  from  the  latitude  6j*  jio'  N.9  len- 
ude  8*  46'  7F.,  has  failed  the  following  courfes>  viz. 
NE.     64  m.    NNE.  50  m.    NW.  b.  N.  58  m.    WNW.  72  m. 
Weft  48  m.     SSW.    38  m.     S.  b.  E.        45  m.     ESE.        40  m. 
Required  her  prefent  latitude  and  longitude? 

By  Middle  latitude,  according  to  the  fecond  rule. 


— - — 

Courfes. 

Dif. 

Diff.  lats. 

Depart. 

Succeff. 

lats. 

Sum 
lats. 

Mid. 
lat. 

0     / 

Co.m. 
lat. 

0    / 

D.long. 

N. 

s. 

"E.    |  W. 

E. 

w. 

67*  30' 

0      1 

|IE. 

64 

45>3 

45>3 

68    15 

*35  45 

07  52 

22  Ob 

120 

fNE. 

5° 

46,2 

iq,i 

69  01 

137  16 

58  38 

21  22 

53 

IW.  b.  N. 

5* 

43,2 

32,2 

69  49 

138  5c 

09  25 

20  35 

92 

7NW. 

72 

27,6 

66,5 

7°  J7 

140  06 

0  03 

'9  57 

'95 

I/eft 

48 

4b\c 

70   17 

140  34 

70  17 

*9  43 

142 

sw. 

38 

35»i 

H.5 

69   4z 

139  59 

iJ9  59 

20  01 

42 

i.b.  E. 

4; 

44. » 

8,8 

68    58 

138  4c 

69  20 

20  40 

25 

SE. 

40 

t  r . "? 

l6.  q 

)8    4*    117  41 

^8  CO 

21  10 

1  ^2 

30c 

47 » 

-j  00 

i67.3 

94-5 

■110,1 

161,2 
no,? 

94»  5 

Wrk 

lat.      72.8 

Depart     <;!,] 

Diff  longit.      171 

By  Mercator 

,  acc< 

i>r 

dino 

;  to  the  fecond  rule. 

Courfes. 

Dif. 

Diff.    lat.         Depart. 

Succeff. 
lats. 

Men 
parts. 

Mer. 
d.  lat. 

D.  longit.. 

N.    1    S. 

E. 

w. 

E. 

w. 

670  30' 

555'.t 

E. 

64 

45-3 

45.3 

68    15 

5671,1 

'19.5 

XI9.5 

1NE. 

5° 

46,2 

19,1 

69  01 

5797.3 

126,2 

5M 

IW.  b.  N. 

*»■ 

4M 

32,2 

69  49 

5933.9 

136,6 

91,1 

NW. 

72 

27,6 

66,< 

7°    »7 

6oi6,< 

82,1 

198,6 

eft. 

48 

48,0 

70   17 

60 1 6,c 

00,0 

142,* 

!,W.  • 

38 

35.  > 

H>5 

69  42 

59*3.7 

102,3 

42,4 

}b.  E. 

45 

44,1 

8,8 

68   58 

5789,c 

124,7 

24,8 

IE. 

40 

l<Vl 

36,0. 

68   43 

5747H 

41,6 

S°°'7 

1^7,3 
1  QA,5 

Q4,  ;|i  10,1' 

161,2 
1 10,1 

297,4|474>l 

"■|*07.4 

Diff.  longit.     »7t).7| 

jj>        Diff.  lat.       72, 'c        Depart. 

51,1 

Oeparted  lat.               670  30'  N.       1      Depart,  long.                 8*  46' W. 

Oifferent  lat.                   i      13  N- 

Diff.  long.                     t    56  W. 

•i'refent  lat 

• 

I 

>8     4; 

\  N. 

J 

Prefent  1 

ong. 

I 

1     42 

W. 

According  to  the  firjl  rule. 

The  co-mid.  lat.  between  the  firft  and  laft  lats.  is  21*  54',  with 
wich,  and  the  departure  51,1,  the  diff.  long,  will  be  137  miles. 

\lfo,  the  mer.  diff.  lat.  between  the  firft  and  laft  lats.  is  195,8;  with 
wichj  and  the  diff.  lat.  72,8,  and  the  dep.  51,1,  gives  a  diff.  long.  137,1. 


*  This  diff.  long,  is  found  by  art.  751. 


Example 
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790.  ExAM^Lt  III.  Suppafe  a'jfiip  from  the  latitude  of  68*  38'  j 
longitude  8*  40'  i?.,  &w  failed  the  following  eourfes,  viz. 

NE.  b,  N.  .    63  m.        NE.  38  m.         NNE.  56 

North       .       30  m.        NW.  b.  N.     25  m.         NNW.  * W.    36  . 

N.  b\  E.         40  m.        NE.b.E.|E.  72  m.        SE.  50. 

ENE.  65  m. 

Required  her  prefent  latitude  and  longitude,  with  her  direEl  courfe  a 
dijlanie  to  the  North  Cape,  in  lat.  71  °  27'  N.,  longitude  260  30'  E.  ? 


Couffes. 


NE.  b.  N. 

NE. 

,NNE. 

North 

NW.  b.  N. 

NNW.iW 

N.  b  E. 

NE.b.EfE. 

SE; 

ENE. 


Dif. 


63 
38 
56 
3° 

25 
36 

46 

72 
5° 
6<J 


D.  lat. 


N. 


5M 

26,9 

30,0 
20,7 
3L7 
39>2 
33»9 

24,9 


3"-4 


Diff.  latit.      276.1 


15>3 


35>3 


Depart. 


fc. 


35>° 
26,9 

21,4 


07,8 

63.S 

35.3 
60,0 


w. 


13*9 
17,0 


249,9 
3Q>9j 


30,0 


Succeff. 
lats 


68e 

69 

69 

70 

7' 
7i 

72 
72 

73 

72 

73 


Mer. 

parts. 


5733>7 
5879,2 

S957»2 
61 12,1 

6204,5 

6270,7 

6373.9 
6503,8 
6621,0 
6500,4 
6^86 


Mer. 
difF.lat. 


H5.5 
78.0 

i54>9 
92>4 
66,2 

103,2 

129,9 

H7>2 
I20j6 

8?.7 


Di«   Ion 


97.2 
78,0 
64,0 


26,0 
219,4 
120,6 

207.0 
bi  2,2 

QQ.O 


\V| 


99 


2 1  q,o  Dep. 


Diff.  1one;it       ;u.2 


The  diff.  long,  found  by  the  middle  latitudes  is  712. 

38'  N.  Dep.  long. 

36  N.  Diff.  long. 


Depart,  lat. 
Diff.  lat. 
Prefent  lat. 
N.  Cape  iat. 

Diff.  Iat 

Or 


68° 

4 
73 

7* 


H  N. 
27  N. 


47 


N. 


Mer. 
Mer. 


parts 
parts 


6582,6  j  Pref.  long. 


6229,6 


Mer.  diff.  lat.      353.0 


N.  Cape  long. 


1 1 

20 
26 


40' I 
53 
33 
3° 


Diff.  long.     5  57 


107  miles. 


Or 


3 57  mil- 


By  Middle  latitude. 
Sum  lats.  1 440  41' 


Mid.  lat. 
Co-mid.lar 


72    21 

17     39 


With  co-m.  Iat.  and  diff.  long,  find  dep. 
Todiff.  long.  300  the  Dep.  is  91,47 
To  diff.  long.     57  Dep.  is     17,38 

To  diff,  long.  357        Dep.  is  108,85 

As  the  diff.  lat.   and   dep.  are   fo 
nearly  equal,  therefore 
'J  he  Courfe  is  SE. 
The  Di.fe.nr?  is  1  r  z,  mile?. 


iBy  Mereator. 


•  With  the  mer.  diff.  lat.  and  t 
diff.  long,  the  courfe  will  be  fou 
4  points,  or  SE. 

And  with  the  courfe  and  pro| 
diff.  lat.  the  departure  will  be  K 
and  the  diftance  152. 


SECTIO 
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SECTION    VI. 

¥he  conftruftion  and  ufl  of  a  Mercator's  Chart. 

The  linear  and  numeral  folutions  of  fuch  queftions  as  may  be  pro- 
pad  concerning  failing  by  the  principles  on  which  Mercator's  charts 
u  founded,  having  been  fufficiently  exemplified  ;  it  fojlows  next  to 
Hw  how  fuch  queftions  may  be  folved  by  the  Chart  itfelf. 

PROBLEM    I. 

\fo  make  a  true  fea  chart  which  Jhall  Jhew  the  known  fea-coajls,  ifands, 
s,  Jhoals,  &c.  that  are  contained  within  any  prop  of ed  limits. 

Solution. 
ft.  ConftrucT:  the  boundaries  or  limits  of  the  chart,  within  the  pro- 
id  latitudes  and  longitudes,  by  Prop.  IV.  art.  725 ;  and  let  the  de« 
?s  of  latitude  and  longitude  be  marked  on  thefe  limits, 
d.  On  a  piece  of  ftiff  paper,  parchment,  &c.  make  a  fcale  of  equal 
:s,  like  the  degrees  of  longitude  that  are  in  the  graduated  parallel  of 
:ude,  and  let  the  divsfions  on  this  fcale  be  numbered  in  the  fame 
mer. 

d.  From  a  table  of  the  latitudes  and  longitudes  of  places,  extract 
e  places,  with  their  latitudes  and  longitudes,  that  lie  within   the 

»pofed  limits. 

,.th.  Then  by  Hiding  the  outfide  divifions  of  the  fcale  of  the  gradu- 
1  parallel,  along  the  graduated  meridians,  fo  that  both  ends  of  the 

e,  at  the  fame  time,  always  cut  like  divifions  of  latitude  j  the  points 
refponding  to  the  latitudes  and  longitudes  of  the  places  contained 
liin  the  propoied  limits,  may  be  readily  marked  in  the  chart. 

■th.  Lines  being  properly  drawn  from  point  to  point,  will  form 
^outlines  of  the  fea-coafts,  iflands,  &V. ;  to  which  may  be  annexed 
h  depths  of  water,  fetting  of  currents,  and  whatever  elfe  may  be  judged 
Jfivenient  for  the  chart  to  contain. 

![n  this  manner  was  conftrucled  the  fea-coafts,  &c.  in  the  chart  in 
f!:e  VII. ;  containing  part  of  the  fea-coafts  of  Europe,  Africa  and 
Aierica,  with  the  intermediate  iflands;  extending  from  the  latitude  of 
*;degrees  to  59  degrees  north ;  and  from  the  longitude  of  London,  or 
Agrees,  to  89  degrees  of  longitude  weft. 

92.  The  Gunter's  fcales  have  drawn  on  them  two  lines,  one  marked 
kr.,  fignifying  the  nautical  meridian ;  and  the  other,  which  is  placed 
diclly  under  it,  is  marked  E.  P.,  fignifying  equal  parts. 
•Thefe  equal  parts  are  degrees  of  longitude,  to  which  the  divifions 
9f.be  nautical  meridian  are  fitted  by  increafing  them  in  their  true  pro- 
pdon  ;  which  is  readily  done  by  the  table  in  art.  725,  taking  the  me* 
■lonal  degrees  from  the  fcale  of  equal  parts,  or  degrees  of  longitude. 
T;  ufe  of  thefe  two  lines  is  to  conftrucl:  a  Mercator's  chart  by,  and  to 
v  nearly  the  meridional  diff.  lat,  between  any  %wo  parallels  of  lati- 


u.\ 
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The  conftrucYion  of  the  chart,  or  rather  the  limits  or  borders  thei 
of,  by  thefe  lines,  is  eafily  done  by  transferring  the  divifions  con 
fponding  to  the  degrees  to  be  ufed,  from  the  fcale  to  the  paper. 

The  meridional  difference  of  latitude  is  found  by  taking  with  t 
compafles  the  extent  between  the  propofed  latitudes,  and  applying  it 
the  line  of  longitude  ;  for  the  number  of  equatorial  degrees  and  parts 
degrees  being  reduced  to  miles,  will  (hew  the  mer.  diff.  latitude  betwe 
thofe  parallels. 

It  has  been  ufual  on  the  Gunters  hitherto  made,  to  take  fo  fmall  a  p; 
for  a  degree  of  longitude,  that  180  of  them  came  within  the  length 
two  feet  j  and  as  about  85  meridional  degrees  anfwered  to  this  lengt 
fo  many  were  put  on  the  line ;  whereby  the  charts  constructed  frcj 
them  had  their  degrees  rather  too  fmall  to  be  of  much  ufe  to  feamc 
whofe  inftruments  and  hands  are  not  ufually  fo  fufficiently  nice,  as 
work  by  fuch  fmall  charts  :    Therefore  it  is  apprehended,  that  it  woi 
be  more  ufeful  to  increafe  the  divifions  of  thefe  lines,  and  inftead 
j  80  degrees  of  longitude  to  put  100,  and  then  about  70  meridional  e 
grees  will  come  within  the  limits  of  two  feet }    navigations  to  high 
latitudes   being  feldom  undertaken.     Gunter's  fcales    with  thefe,   a: 
other  ufeful  alterations,  have  been  lately  made  by  the  direction  of  t 
author,  and  fold  by  their  makers. 

793.  PROBLEM    II. 

A  latitude  and  longitude  being  giveny  to  fnd  the  corresponding  place 
the  chart.    Example.  Lat.  320  25'  N.  long.  170  21'  W.    Plate  VII. 

Solution. 

ift.  In  the  graduated  meridian  *,  take,  with  a  pair  of  comparTes*  t 
diftance  between  the  propofed  latitude  and  the  neareft  parallel  of  la 
tude  drawn  acrofs  the  chart,  as  between  the  lat.  32*  25',  and  the  p 
rallel  of  30*. 

2d.  With  other  compafles,  take  the  diftance  in  the  graduated  p 
rallel  f  between  the  propofed  longitude  and  the  neareft  meridian  drav 
acrofs  the  chart,  as  between  the  long.  170  21'W.  and  the  meridit 
pafling  thro'  20?  of  longitude. 

3d.  Slide  the  point  of  one  compafs  along  the  meridian  of  20°,  ane 
point  of  the  other  compafs  along  the  parallel  of  30*,  keeping  the  poif 
of  each  compafles  perpendicular  to  the  line  they  Aide  along;  then  w 
the  meeting  of  the  other  points  of  the  compafles  fhew  the  place  con 
fponding  to  the  given  latitude  and  longitude  j  which  in  this  example 
the  weft  end  of  the  Ifland  of  Madeira. 

This  problem  is  moft  readily  folved  by  the  means  of  fuch  a  moveal 
fcale  of  longitude,  as  is  defcribed  and  ufed  in  the  foregoing  Problem. 

Or  thus.  A  meridian  drawn  thro'  the  degrees  of  longitude  give 
and  a  parallel  of  latitude  drawn  thro'  the  given  degrees  of  latitude,  thi 
interferon  will  be  the  place  required. 

*  The  graduated  meridian,  is  the  fcale  of  latitudes  on  the  right  or  1 
hand  borders  of  the  chart. 

f  The  graduated  parallel,  is  the  fcale  of  longitude*  on  the  top  or-botti 

borders  of  the  chart. 

75 
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L  .  PROBLEM     III. 

4  place  being  given  on  the   chart,    to  find  its  latitude  and  longitude. 

Suppofe  Palma  one  of  the  Canary  ifles.    Plate  VII, 

Solution. 
rfr.  With  the  compafles,  take  the  fhorteft  diftance  between  the  given 
>  ;e  and  the  neareft  parallel  of  latitude ;  this  diftance  applied  to  the 
'iduated  meridian,  from  the  faid  parallel  the  fame  way  the  place  lies, 
i\  give  the  latitude  fought.  Thus  the  diftance  from  Palma  to  the  pa- 
id of  30%  applied  from  30*  fouthward,  gives  28*  35'  N.  for  the  la* 
frde  fought. 

.d.  In  like  manner,  the  fhorteft  diftance  taken  between  the  given 
»S:e  and  the  neareft  meridian,  being  applied  to  the  graduated  parallel, 
rn  that  meridian,  will  give  the  longitude :  Thus  the  diftance  from 
}ma  to  the  meridian  thro'  20°,  applied  from  20"  eaftward,  will  £ive 
I  41'  W.  longitude. 

PROBLEM    IV. 

\vo  places  being  given  on  a  Mercator's  chart,  to  find  their  difference  fff 
tude  and  difference  of  longitude. 


,  Suppofe  Cape  Finifterre  and  the  Ifland  of  Porto  fanc"to.  Plate  VII. 

Solution. 

:nces  are  readily  known, 
iiterre' 
to  fanfto  lat.  zm  33  07  N.        Long.  =  15  53  W, 


'ind  the  latitude  and  longitude  of  each  place  ;  then  the  required  dif- 


T  C  C.  Finiiterre's  lat.     ~  43°  is'N.         Long.  -==.     9°  2o'W. 
rroo.  in.  1  Ifl  por( 


DifF.  lat.     sc  jo  08  D.  long.  =r     6  33  W. 

PROBLEM    V, 

\eiween  tws  given  places  on  a  Af creator's  chart,  to  find  the  bearing  <at 
$fe. 

suppofe  between  Cape  Clear  and  the  Ifland  St.  Michael.    Plate  VII. 

Solution. 

,ay  the  edge  of  a  ruler  upon  Cape  Clear  and  the  middle  of  the  Ifland 
sjf  St.  Michael ;  and  holding  the  ruler  in  this  pofition,  take  with  a  pair 
of:ompaffes  the  fhorteft  diftance  between  the  edge  of  the  ruler  and 
-h  centre  of  the  neareft  compafs,  or  flie;  firde  one  point  along  the  edge 
tifhe  ruler,  till  the  other  point  Cuts  the  border;  of  the  Hie  s  arid  the 
r-cfe  will  be  found  to  be  SW.  b.  S.  *  W,  nearly. 

nd  the  like  for  other  places*       "'     "  '    '  ", 

Fff  PROBLEM 
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PROBLEM    VI. 

Ttvo  places  being  given  in  a  Mercator's  chart,  to  find  their  difiance, 

797.  Case  I.  When  the  given  places  are  both  under  the  fame  meridia: 

§r  under  tks  equator. 

v  .?  * 

Solution, 

Find  the  latitude  of  each,  place  when  under  the  fame  meridian,  < 
their  longitudes  if  under  the  equator. 

Then  the  difference  of  the  latitudes  is  the  diftance  fought  j  or,  tl 
difference  of  longitudes  is  the  diftance  fought. 

798.  Case  II.  When  the  given  places  are  both  under  the  fame  parab 
$f  latitude.  -  .     . 

Suppofe  between  Cape  Roxant  and  the Ifland  of  St.  George.  Pi.  VI 

Solution. 

Lay  the  edge  of  a  ruler  oyer  the  given  places ;  take  half  the  diftam 
of  thofe  places  with  the  compafies  ;  fet  one  point  on  the  divihon  ci 
bv  the  ruler  in  the  graduated  meridian,  and  apply  the  other  point  uj 
wards  and  downwards  on  the  fame  meridian,  noting  the  degrees  of  1; 
titude  the  faid  point  falls  on  :  Then  the  difference  of  thofe  latitudes  w: 
be  the  diftanct  fought,  very  nearly. 

•  Thus,  half  the  diftance  between  Cape  Roxant  and  the  Ifland  of  S 
George,  will  reach  from  3SP  45',  the  diviiion  cut  by  the  edge  of  a  rul 
laid  over  thofe  places,  to  45?  oo'  northward  ;  and  to  320  %o'  foutl 
ward}  the  difference  between  thefe  two  latitudes,  is  12^40',  or  "]{ 
miles  nearly,   for  the  diftance  required. 

But  if  the  propofed  places  lie  in  a  parallel  of  latitude  greater  th; 
30  degrees,  it  will  be  nearer  the  truth  to  work  as  follows. 

Take  with  the  compaffes  that  meridional  degree  wherein  the  para 
k-1  falh;  and  as  many  times  as  this  diftance  is  contained  in  a  ftrait  lii 
between  the  two  places,  of  (o  many  degrees  is  their  diftance  to  be  ell 
mated  ;  which  is  reduced  to  miles  as  before. 

Thus,  the  diftance  between  the  latitudes  of  37*  30'  N.  and  3! 
30'  N.  will  be  contained  between  Cape  Roxant  and  the  Ifland  of  I) 
Qsprge  about  12  j  times }  or  120  40',  as  before  *, 

7g9,  Case  III.  When  the  given  places  differ  both  in  latitude  and  k 
gitude. 

Suppofe  the  Wizard  snd  the  Ifland  of  Corvo.     Plate  VII,  Fig-  4* 

Solution. 
Find  the  latitudes  of  the  two   places,  and  their  diff.  latitude,     Ta, 
the.  cliff,  lat.  in  degrees  and,  parts  from  the  equator, 

*  Thefe  operations  depend  on   the  following  proportion. 

As  rner.  diff.  lat.  :  proper  diff.  kt.  :  :  diff.  long.  :  departure  ;  which  w 
differ  but  \try  Ijttle  fro©  tlje  tneridipnal  diftance,  unlcfs  the  places  are  ve 
fef  afunder,   '  , 

U 
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I  Lay  the  edge  of  a  ruler  over  the  two  places  ;  Aide  one  point  of  the? 
;mpafies  along  the  edge*  till  the  other  point,  held  perpendicular  to  the 
ler,  falls  on  a  parallel  of  latitude,  and  take  the  length  of  the  pafafe 
I  intercepted  between  this  point  and  the  edge  of  the  ruler* 

Then  this  extent  applied  to  the  graduated  parallel  gives,  in  degrees* 
(;  diftance  fought. 

Thus,  the  difference  of  latitude  between  Corvo  and  the  Lizard  \i 
1°  09/  ;  then  10"  oq'  taken  from  the  graduated  parallel,  and  one  point 
pthe  compaffes  applied  to  the  edge  of  the  ruler  laid  in  the  direction 
1,  Aide  that  point  along  CL  till  the  other  point,  kept  in  a  perpendicu~ 
li  pofition,  cuts  the  parallel  of  5O8  in  b  ;  then  the  diftance  bl,  mea- 
fed  on  the  graduated  parallel,  gives  about  200  25'  z=.  1225  milesj  the 
dance  required. 

;0r  thus.  Take  the  difference  of  latitude  lo°  09'  from  the  gradit- 
sd  parallel,  spply  one  point  of  the  compaffes  to  the  edge  of  the  ruler 
tiiching  c  and  l,  Aide  this  point  along  till  the  other  point  touches  a. 
f  allel  (and  not  ^cutting  it)  in  E  ;  then  the  other  point  refting  at  D* 
t(e  the  diftance  dl,  which  meafured  on  the  graduated  parallel  will  give, 
kdegrees,  the  diftance  fought. 

;Thefe  methods  are  in  efFect  the  fame  ;  for  the  triangles  lb  a*  lde* 
Bj  congruous $  as  the  angle  at  L  is  common,  the  angles  a  and  e  are 
rht  angles,  and  the  fides  ab,  ed,  are  equal}  therefore  bl  and  dl  are 
eial.    .    4..'.  (T92) 

Rf  the  difference  of  latitude  de  be  taken  on  a  meridian  thro'  c,  from 
co  F  ;  and  the  parallel  of  latitude  fh  be  drawn,  cutting  the  rhumb 
Is  CL  in  H.J    then  are  the  triangles  lde,  Hcf,  congruous  ;    and  cri 

SDL.  (185,    192) 

;Now  it  is  evident,  that  the  parts  of  the  triangles  gfh,  cgl,  bear 
tl  fame  proportion  to  one  another,  as  have  been  fhewn  in  art.  727  5 
were  cf  is  the  proper  diff.lat.,  cg  the  merid.  diff.  lat.,  gl  the  diff* 
kigitude,  fh  the  departure,  and  cH  the  diftance:  Confequently  the 
lltance  dl,  or  BL,  jfound  as  above,  is  the  true  diftance  fought. 


PROBLEM    VtL 

Given  the  latitude  and  longitude  of  the  departed  plate,  the  courfs^  and  tht 
ktude  of  the  prefent  place :  Required  that  place  on  the  chart* 

Example. 
A.  fhipfrom  the  Ifknd  of  Flores  runs  SE.  b.  &  -|  E.  till  fhe  finds  hef- 
fe  in  the  latitude  of  170  29' N. :  Required  her  prefent  place  ?  PL  VIL 

SoLufiof?, 
Thro*  the  departed  place,  Flores,  draw  the  given  rhumb,,  viz.  SE* 
fc5. 1  E. ;  and  its  interfeclion  with  the  parallel  of  latitude  drawn  thro' 
ll  latitude  of  the  prefent  place,  viz.  170  29V  will  give  the  fhip's  place 
o  the  chart  •  Whicli  will  be  near  the  Ifland  of  Ferroj  or  in  lat.  27°4.8'  N* 
kg.  iT  26' Wf 


jPf  f  ^ 
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Sor.  PROBLEM    VIII. 

Given  the  departed  place,  and  alfo the  courfe  and  dijlance,  to  find  \ 
prefent  place  on  the'  chart. 

Example. 

A  fhip  from  the  Ifland  of  Ferro  runs  NW.  b.  N.  |W.  951  mile 
What  is  the  latitude  and  longitude  of  the  prefent  place  I    Plate  V] 

Fig.  5-  ',        ' 

Solution.  . 
Lay  the  edge  of  a  ruler  over  Ferro  in  the  pofition  of  the  givi 
courfe  NW.  b.  N.  -|  W. ;  take  the  degrees  150  51/  in  the  given  diftanc 
951  miles,  from  the  graduated  parallel,  and  apply  this  extent  fromFer 
along  the  ruler's  edge  to  r  ;  take  the  neareft  diftance  between  R,  ai 
a  parallel  pz  drawn  thro'  Ferro<,  and  fee  how  many  degrees  this  exte 
makes  on  the  graduated  parallel,  which  will  be  ii°35''j  thofe  degrt 
counted  northwards  from  Ferro  will  give  390  23'  N.  for  the  ftiip's  lai 
tude  ;  then  the  point  o^,  where  a  parallel  thro'  this  latitude  interjects  t 
edge  of  the  ruler,  ftill  lying  in  the  Jfirft  pofition,  will  be  the  (hip's  pr 
fent  place. 

802.  If  the  courfe  be  due  eajl  or  weft. 

Example. 

A  fhip  from  Cape  Roxant  fails  due  well  760  miles:  Required  her  pi 
fent  place.   PI.  VII. 

Solution. 

Take  half  the  degrees  (viz.  6°  20')  in  the  given  diftance,  760  mile 
add  them  to,  and  fubtract:  them  from,  the  given  lat.  380  42',  noti. 
the  fum  450  02',  and  the  remainder  320  22' :  Then  the  extent  betu^ 
thofe  degrees  taken  in  the  graduated  meridian,  and  applied  from  t| 
given  place  weftward  in  the  parallel,  will  give  the  fhip's  prefent  plac 
which  will  be  near  the  Ifland  of  St.  George. 

Or  thus,  if  the  latitude  be  abovt  30  degrees. 

Take  the  length  of  a  degree  in  the  latitude  of  the  given  parallel,  | 
much  above  the  parallel  as  below  it ;  and  turn  this  diftance  over  in  tip 
parallel,  the  fame  way  the  courfe  is,  as  many  times  as  there  are  degrr 
in  the  given  diftance,  and  this  will  give  the  fhip's  place. 

Thus  the  length  of  a  degree  taken,  in  the  latitude  380  42',  a, 
turned  over  from  Cape  Roxant  to  the  weft  12  J- times,  the  compai' 
will  fall  on  the  Ifland  of  St.  George. 

S03.  PROEL  EM     JX. 

Given  the  departed  place ,  iuith  the  difference  of  latitude  and  di ft atw 
Required  the  /hip's  place  on  the  chart. 

Example. 
A  fhip  from   o^fails  hi  the  SE.  quarter  051  miles,  and  then   nil 
herfelf  in  lat.  270  48"  N.,  having  altered  her  latitude  ii°  35' :  Rcqui): 
her  prefent  place.     Plate  VII.     Fig.  5. 

Solution. 
Take  from  the  graduated  parallel  the  difference  of  latitude  I1#3l 
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!'  this  extent  from  q^  along  "the  edge  of  a  ruler,  lying  north  and 
fith,  to  x  ;  turn  the  edge  of  the  ruler  about  x  till  it  lies  in  an  eaft 
gd  weft  pofition:  From  the  graduated  parallel  take  15"  51',  the  de- 
£;es  in  951  miles  the  given  diftance,  apply  this  extent  from  o^to  cut 
I?  edge  of  the  ruler  in  V  :  Let  the  points  of  the  compaffes  reft  in  q^ 
id  y,  and  apply  the  edge  of  the  ruler  clofe  to  thofe  points ;  then  the 
||int  p,  where  the  parallel  of  27*  48'  is  cut  by  the  ruler's  edge,  is  the 
fp's  place  required. 
Or.,  by  drawing  lines  on  the  chart,  let  the  diff.  lat.,  taken  from  the 
g,iduated  parallel,  be  applied  in  a  meridian  drawn  thro'  q^  from  o^  to 
jj  From  Qjvith  the  diftance  in  degrees  taken  from  the  graduated  pa- 
||lel,  cut,  in  v,  a  parallel  drawn  thro'  x  :  Then  the  point  p,  where 
f  rhumb  thro'  o^and   v  cuts  the  parallel  of  latitude  come  to,  viz.  27* 

I',  is  the  place  fought. 
14.  PROBLEM    I 

r  Given  the  departed  place ,  with  the  courfe  and  difference  ef  longitude  t 
1  quired  the  Jhip's  place  on  the  chart. 

Example. 
"  A  fhip  from  p  fails  NW.  b.  N.  |  W :  Required  her  place  when  fh<* 
lis  altered  her  longitude  12*  53'?     Plate  VII.  Fig.  j. 

Solution. 
[iTake  the  given  difference  of  longitude  12*  53'  from  the  graduated 
I'allel  ;  flide  one  foot  of  the  compaffes  along  the  edge  of  a  ruler  laid 
I  p,  in  the  pofition  PO^of  the  given  courfe,  until  the  other  foot  juft 
Iiches  in  t  a  meridian  PT  drawn  thro'  P  j  then  will  the  point  o^, 
Iiere  the  foot  refts  againft  the  ruler's  edge,  be  the  place  required.  ,- 

805.  If  the  xmrfe  had  been  due  eajl  or  wejl. 

Example. 
1 A  fhip  from  Cape  Roxant  fails  due  weft  until  fhe  has  altered  her  Ion* 
lude  16*  40':  Required  her  place  on  the  chart.  • 

»  Solution. 

ItTake  the  difference  of  longitude  16*  40'  from  the  graduated  parallel ; 
tm  this  extent  applied  from  the  given  place  Cape  Roxant  due  weft,  will 
|'e  the  place  required,  which  is  near  the  Ifland  of  St.  George. 

B  ** 

S6.  PROBLEM     XL 

•Given  the  departed  place,  with  the  difference  of  latitude  and  departure : 
tyuired  the  Jhip's  place  on  the  chart. 

Example. 

I  A  fhip  from  o^,  in  lstt.  39*  23'  N.,  fails  between  the  fouth  and  eaft 

II  fhe  comes  into  the  lat.  270  48''  N.,  having  made  by  account  649 
lies  of  departure  :  Required  the  fhip's  preferit  place  ?   PI.  VIL  Fig.  5. 

Solution. 
Take  the   given  difference   of   latitude  n9  35'  from  the  graduated 
Irallel,   and   apply   this  extent  from   c^,    along  the  edge   of  a  ruler 
id  in  the  meridian  of  o^  to  x;   take  10*  49'  =649   miles,  the 

given 
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given  departure,  from  the  graduated  parallel ;  fet  one  foot  on  x,  ; 
lay  this  extent  eaftward  to  v,  fo  that  x  v  be  in  a  perpendicular  pout 
to  the  ruler's  edge :  Lay  the  edge  of  the  ruler  on  the  points  o^  and 
and  where  it  puts  zp,  the  parallel  of  the  fhip's  prefent  latitude  in  p. 
the  fhip's  place  required. 

Then  the  longitude,  courfe  and  diftance  may  be  found  as  before, 
articles  794,  796,  799. 


807.  PROBLEM    XII. 

Given  the  departed  place,  with  the  courfe  and  departure :  Required* 
flip's  place' on  the  chart. 

Example. 

A  (hip  from  P,  in  latitude  27s  a8'N.,  fails  NW.  b.  N.  |'W.,  ui 
fhe  has  made  649  miles  of  departure:  Required  her  prefent  plat 
PI. VII.  Fig.  5. 

Solution. 

Lay  the  edge  of  a  ruler  over  the  given  place  P^  in  the  pofition  oft 
given  courfe  NW.  b.  N.  1  W. ;  take  from  the  graduated  parallel  ] 
49'  ts  649,  the  given  departure,  and  Aide  one  foot  along  the  rul< 
edge,  until  the  other  foot  juft  touches  in  s  a  meridian  pt  drawn  th 
P  ;  the  diftance  sp  applied  to  the  graduated  parallel  gives  the  diff.>h 
tude.;  and  confequently  the  prefent  latitude  is  known  :  Then  where  1 
ruler's  edge,  lying  in  the  fame  pofition,  cuts  the  prefent  parallel  of  1 
TO^,  as  in  Q^,  is  the  place  fought. 


8o8>  PROBLEM    XIIL 

Given  the  departed  place,  with  the  dijlance  and  departure,  to  find 
/hip's  prefent  place  on  the  chart. 

Example. 
A  fhip  from  o^,  in  lat.  390  23' N.,  in  failing  between  the  fouth  a 
eaft  95  r  miles,  found  fhe  has  made  649  miles  of  departure :  Wheret 
the  prefent  place  of  the  fhip  ?     Plate  VIL  Fig.  5. 

Solution. 
From  the  graduated  parallel  take  io"  49'  =  64.9  miles,  the  given  c 
parture4  and  lay  this  extent  from  QJ:o  o  directly  eaft  ;  with  the  extt 
15*  51'  r=  951  miles,  the  given  diftance,  taken  from  the  graduated  | 
railed  one  foot  being  fet  in  C4,  with  the  other  foot  cut  the  edge  ol 
ruler  laid  on  d  in  a  meridional  pofition*  as  in  v ;  transfer  the  diftan 
ov  from  C4  to  X  in  a  meridian  palling  thro'  Q^;  then  qx  meafured 
the  graduated  parallel  gives  the  diff.  latitude,  and  confequently  the  pi 
fcnt  latitude  27"  48'  will  be  found  1  Lay  a  rulers  edge  over  <^_.a 
v,  and  where  it  cuts  the  parallel  of  27*  48 'j  as  in  ?,  is  the  fhip's  pla 
required, 


KEGTtO 
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SECTION     VII. 

Of  failing  on  a  Great  circle  of  the  fphere, 

,09.  Great  circle  sailing  is  the  art  of  finding  what  places  a 
1  muft  go  thro',  and  what  courfes  to  fteer,  fo  that  her  tract  fhall  be 
{the  arc  of  a  great  circle  (or  nearly  fo)  palling  thro'  the  place  failed 
jn  and  that  hound  to. 

\lthough  Mercator's  failing  refolves  truly  all  the  cafes  incident  to  a 
>'«  courfe  along  the  rhumb  palling  thro' two  places ;  yet  there  are 
cafes,  wherein  the  courfe  performed  on  the  direct:  rhumb  line  is'  the 
-teft  diftance  between  thofe  two  places. 

1  'or  on  the  fphere,  the  fhorteft  diftance  between  two  places  is  the 
ir,  of  a  great  circle  intercepted  between  them  (404) ;  confequently  the 
pil  or  rhumb,  palling  thro'  thofe  places,  is  not  the  fhorteft  diftance 
)i  when  that  rhumb  coincides  with  a  great  circle,  which  can  only  be 
jr.i  meridian,  or  on  the  equator. 

low  it  is  chiefly  on  account  of  the  fhorteft  diftance  that  this  method 
Railing  has  been  propofed  ;  and  it  is  for  the  moll  part  advantageous 
01  fhip  to  reach  her  port  by  the  fhorteft  way  fhe  can,  when  and  where 
$1  practicable, 

IjkS  the  folutions  of  the  cafes  in  Mercator's  failing  were  performed  by 
■lie  triangles;  fo  the  cafes  in«Great  circle  failing  are  refolved  by  the 
(btion  of  fpheric  triangles. 

t  great  variety  of  cafes  may  be. propofed  in  this  kind  of  failing ;  but 
ifhey  ferve  rather  for  exercifes  in  the  folution  of  fpheric  triangles,  than 
fojany  real  ufe  towards  the  navigating  a  fhip,  therefore  thofe  apper- 
6p;ing  to  only  one  problem  will  be  here  more  particularly  confidered, 
Wihey  are  the  moft  ufeful  cafes  that  ufually  occur. 

J  10.  The  angle  of  pofition,  is  an  angle  which  a  great  circle,  pafling 
r  two  places,  makes  with  the  meridian  of  one  of  them ;  and  fhews 
tfil  angular  pofition  of  one  from  the  other. 

PROBLEM. 

.  'iriven  the  latitudes  and  longitudes  of  two  places  on  the  earth :  Required 
$>jr  near  eft  diftance  on  the  furface,  together  with  the  angles  of  pofition  from 
place  to_  the  Qtherf 


T 


^his  problein  may  be  branched  into  fix  cafes. 

•  .  Case  J.  When  the.  two  place?  lie  under  the  fame  meridian, 

olution.  Their  difference  of  latitude  will  give  their  diftance;  and 
thi  pofition  of  cne  from  the  othfr  will  be  direcllv  north  or  fouth. 

812. 
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8 12.  Case  II.  When  the  two  -places' lie  under  the  equator. 

Solution.  Their  diftance  is  equal  to  their  difference  of  longitud 
2nd  the  angle  of  pofitjon  is  a  right  angle,  or  the  courfe  from  one  to  I 
other  is  due  eaft  or  weft. 

813,  Case  III.  When  both  places  are  in  the  fame  parallel  of 

titude. 

Example.  JVhat  is  the  leaft  diftance  between  St.  Maries,  in  latiti 
370  00'  N.,  longitude  22*  56'  W.y  and  Cafe  Henry,  in  latitude  370  ol 
longitude  7  6°  23'  W.  ? 

General  Construction.  Plate  VIII.  Fig.  25.. 
ill.  Pefcribe  a  circle  PESQ^reprefenting  the  meridian  of  one  of  t 
places,  fuppofe  of  the  eaftern  one,  as  St.  Maries ;  draw  the  line  Eqj 
prefenting  the  equator,  and  at  right  angles  to  it  draw  the  line  ps  for  1 
axis  of  the  earth,  whofe  extremity  p  is  the  north  pole,  and' s  is  the  fot, 
pole ;  and  on  this  circle  lay  off"  from  p  to  a  the  complement  of  1 
latitude  of  (St,  Maries)  the  eaftern  place. 

2d.  On  the  equator,  lay  off  from  qJ:o  c  (446)  the  difference  of  lc 
gitude  between  the  two  places  (530  27') ;  and  thro'  P,  c,  s,  (163)  ( 
icribe  the  circle  pes,  which  will  be  the  meridian  of  the  other  pk 
(Cape  Henry) ;  on  which  lay  from  p  to  b  the  co-latitude  of  this  plac 
which  is  done  by  defcribing  the  arc  a  a  about  the  pole  p  (456)  at  t 
dillance  of  the  co-latitude. 

3d.  Thro'  the  points  a,  b,  d,  defcribe-  a  great  qixcle  abd.       (it 

Then  a  reprefents  one  place  (St.  Maries),  b  the  other  (Cape  Henry 
PA  and  pb  are  their  co-latitudes ;   the  angle  ape,  which  is  meafui 
by  the  arc  qc  (389),  is  the  diff.  long,  the  arc  ab  is  the  neareft  diftar; 
of  thofe  places  j    the  angle  pab  is  the  angle  of  pofition  from  a  to 
and  the  angle  pba  is  the  angle  of  pofition  from  b  to  a. 

The  arc  ab  may  be  meafured  as  directed  in  article  446, 
And  the  angle  pab,  or  pba,  as  Ihewn  in  art.  448. 

Now  the  places  having  the  fame  latitude  j  therefore  pa  rs  pb,  a 
i_PAB  =  ApbA  (470).  Therefore,  if  the  arc  pi  be  defcribed  (4^ 
making  the  angle  api  —  260  43|/>  the  half  of  the  difference  of  Ion 
tude  j  then  will  pi  be  perpendicular  to  ab,  bifecVing  it. 

And  in  the  triangle  aip,  right-angled  at  1,  there  will  be  given  1 
hypothenufe  ap  5=  53?  00';  the  *Lapi  =  26?  43!';  to  find  the  leg 
5—  half  the  diftance  foueh^:,  and  the  4.PAI  =  the  angle  of  pofition, 

And  the  folstion  hereof  falls  under  art.  5-13,  515. 
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£9 


\  Radius 

"  fin.  hyp.       pa, 
fin.  giv.   Z.  api 


fin.  leg 


AI. 


To  find  the  dijlance. 
Or,  As  Rad 

To  fin.  co-lat. 
So  fin.  f-diff.  long. 


90" 

37 
26 


00' 
00 

All 


To  Fin.  £-  diftance    =r     21 


03 


io,ooood 
9,90255 
9,65292 

9-55527 


4.2     of)  for  the  dill.  ab. 


Which  doubled,  gives 
\d  this  42"  06'  reduced  to  nautical  miles,  is  2526,  which  is  35  miles 
e  than  2561,  the  diftance  given  by  parallel  failing.     See  art.  755. 

To  find  the  angle  of  pofition.     (515) 
^Radius 

rlcof.  hypoth.  pa, 
Kan.  giv.  Z-api 


cot.  L.  A. 


Or,   As  Rad  =  90"  00' 

To  fin.  lat   *  —  37    00 

Sotan.f  diff.  lori.  =  26    43I 

To  cot.  2.  pofit.  =:  73    09 


IO.OOCOO 

9,77946' 
9,70199 

9,48145 


iVhereby  it  appears,  that  to  fail  from  A  to  B,  or  from  b  to  a,  the 
muft  nrft  fleer  N.  730  09'  W.  or  E. ;  and  then  gradually  increafe 
icourfe  till  ihe  comes  to  I,  where  it  will  be  due  W,  or  E. ;  and  from 
ijice  the  courfe  is  to  be  gradually  diminifhed  again  till  me  comes  to 
(other  port,  where  it  will  be  730  09^  the  fame  as  (he  fet  out  with : 
how  thefe  courfes  are  to  be  thus  altered j  will  be  (hewn  hereafter; 

\.  Case  IV.  When  ont  place  has  latitude,    and  the  other  has 
none,  or  is  under  the  equator. 

!x ample.  What  is  the  nearejl  di/iance  between  the  Ifland  of  St.  Tho* 
h  in  lat.  0°  00%  and  long.  i°  00' is.,  and  Port  St.  Julian,  in  lat.tfi* 
J&,  and  longitude  650  io'  IV.  f 


Port  St.  Julian,  in  lat.     4S0  5 1 '  S. 
Ifl.  St.  Thomas,  in  lat. :     o    00 


Long. 
Long. 


65< 
1 


10'  W. 

DO   E; 


Julian's .  eo  lat. 


41    09 


DifF.  long;     66     16 


By  Construction.     Plate  VIII.    Fig,  26. 
<et  the  point  a  be  St;  Thomas  under  the  equator,  whofe  poles  are 
id  s. 
lake  ac,  the  meafure  of  the  angle  asc*  equal  to  66°  io'  2=  difR 

p|;         .     .  '     ..    .  .   •       ,.      .-,"';  .     ,    (450) 

lien  as  Port  St.  Julian  is  in  Fouth  lat.,  about  s  the  Fouth  pole,  at  the 
mce  of  Julian's  eo-lat.,  defcribe  the  arc  a  a,  Cutting  scp,  the  rae- 
m  of  Julian,  in  b.  (454) 

^hro'  the  points  A,  b,  £,  a  great  circle  being  defcribed,  then  the  arc 
ftliis  the  diftance  Fought.     ,  i1^) 

'he  diftance  ab  may  be  meaFured  by  art.  446. 
nd  the  angles  of  poiltion  at  a  and  b  are  to  be  rrieafured  as  directed 
rt.  448. 

For  the  complement  of  a  complement,  is  the  arc  itfelf :  Tfius  q^.,  or  the 
S|nce  from  the  equator,  thews  the  lat.     Eut  oa  is  the  comp.  of"  ap  •,  and  ap 

G  g  I  Gompo- 
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Computation.    In  the  q'uadrantal  triangle  asb,  there  is 
Given  the  co-lat.  of  St.  Thomas,   or  as  m  900  oo'  "\     The  reft  2 
the  co-lat.  of  St.  Julian,  sb  zzz  41     09  (.found  as  in  a 

the  diff.  longitude,  Z.ASB  3=  66;    10   3545. 

Or*  in  the  fupplemental  triangle- acb,  right  angled  at  c,  there  is 
Given  the  lat.  of  St.  Julian's,  or  the  leg  cb  =2  480  $ir. 
the  difference  longitude,  or  the  leg  ca   =  66     10. 
The  folution  falls  under  article  523. 


As  Radius 

To  cof.  either  leg, 

So  cof.  other  leg 

To  cof.  hyp. 


To  find  the'  diftana  ab. 

Or,   As  Radius    '  ± 

To  cof.  diff.  long,  ac    — 

So  cof.  diff.  lat.     cb    - 


90° 

00 

66 

10 

48> 

Sl 

To  cof.  dift. 


AB 


74    35 


9>424 


So  that  the  dift.  ab  =  74"  35'  is  4475  miles ;  which  is  lefs  by 
miles  than  the  diftance  found  by  Mercator's  failing. 


To  find  the  angle  of  pofition  at  A.  (522) 

As  Radius  Or,    As  Radius  =._  900  oo7 

To  fin.  leg  ac,  To  fin.  diff.  long,  ac    =  -  66    io 

SQ.cot.  leg   cb  So  cot.  diff.  lat.  cb    =  48    51 

To  cot.  op.  Z.A.  To  cot.  Z.  pofit.  at  a    =5  51    23 

To  find  the  angle  of '  pofit  ion  at  b.  (522} 

As  Radius  Or,   As  Radius  =  900  oo' 

To  fin.  leg  cb,  To  fin,  diff.  lat.  cb     =  48    51 

So  cot.  leg  ac  So  cot.  diff  long,  ac    =  66,    10 

To  cot.  op.Z.B.  To  cot.  Z.  pofit. at  b     z=  71    36 


IO.COG 
9.96l 

9>94« 
9.9,02 


1 0,000 
9,876 
9.64S : 

9,521 


So  that  a  fhip  failing  from  the  Ifland  of  St.  Thomas  muft  firft  fha 
her  courfe  S.  51  °  22'  W. ;  and  then  by  conftantly  altering  her  cou 
towards  the  weft,  fo  as.  to  arrive  at  Port  St.  Julian  on  a  courfe  S.  7 
36'  W.,  flie  will  have  failed  the  fhorteft  diftance  between  thofe  places. 

815.  Case  V.    When  the  latitudes  of  the  given  places  are  h 
north  or  both  fouth. 

Example.  TFhat  is  the  neaYeJl  dijlance  between  the  Lizard  and  the. 
land  of  Bermudas ;  and  alfo  the  angles  of  pofition  at  each  place  ? 


The  Lizard  in  lat.     49*  57'  N.     and  long. 
Ifl.  Bermudas  in  lat.     32    25  N.     and  long. 


5° 
66 


i4'W. 
38  w. 


Diff.  long.     61    24 


Bv  Construction.     Plate  VIII.    Fig.  27. 
Make  pa  =  570  35',  the  co-lat.  of  Bermudas  j  v  a  =  400  03',  I 
co-lat.  of  the  Lizard ;  and  (456)  with  the  tang,  of  p  a  describe  the  arc  a | 
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Vith  the  fecant  of  6i°  24',  the  diff.  long.  (452),  arcs  defcribed  From 

id  s,  give  the  centre  of  the  circle  pes,  the  meridian  of  the  Lizard  ; 
sinterfection  with  a  a  gives  b,  the  place  of  the  Lizard. 

i  great  circle  defcribed  thro*  a,  b,  d  (163) ;  the  intercepted  arc  ab 
i  ie  diftance  fought;  and  the  angles  pab,  pba,  are  the  pofitions  re- 
lied. 

"he  diftance  Ab  may  be  meafured  by  art.  446 ;  and  the  pofitions  by 
r,448. 

fad  the  eaftern  place,  the  Lizard,  been  put  on  the  primitive  circle, 
ii  great  circle  ab  would  have  been  difficult  to  defcribe ;  and  therefore 
/;  the  weftern  place  put  on  the  primitive  circle  j  it  being  a  matter  of 
Kfference  which  of  the  places  are  fo  taken. 

Computation.   In  the  oblique  fpheric  triangle  apb. 
liven  Bermudas's  co-lat.,  pa  =  570  35'  1 

Lizard's  co-lat.,       pb  ==  40  03  >■  Required  the  reft. 

Diff.  longitude,  Z.APB  =  61    24  J 
''he  folution  falls  under  art.  534. 

To  find  the  diftance  ab. 


Or,  As  Radius  zz     90"  00' 

To  cof.  diff.  long.  Z.apb     rr     61     24 
So  tan.  Eerm.  co-lat.  pa     s*     57    35 


10,00000 
5,68006 
10,19721 


Ig.adius 
[cof.  giv.  z, 
itn.eith.  fide 

'.an.  m. 


k:oi  n, 

o.of.  fide  ill  ufed 

\:ot.  fide  required. 

To  find  the  angle  of  pofition  pba.     (533) 
.  s  this  angle  is  oppofite  to  the  fide  ufed  in  the   firft  proportion, 
i^fore  the  fourth  and  fifth  arcs  here  ufed,  are  the  fame  as  above. 


To  tang,  fourth  arc 

=z 

37 

ot 

9.87727 

Which  take  from  Liz.  co-lat. 

= 

40 

03 

- 

Leaves  a  fifth  arc 

3 

02  == 

■», 

As  cof.  fourth  arc 

To  cof.  fifth  arc 

So  fin.  Bermudas  lat. 

3 

32 

01 

02 
25 

0,09775 

9*99939 
9,72922 

:d. 

To  cof.  diftance  ab 

= 

47 

54 

9,82636 

LSin.  N 

^in.  m, 

9  .n.  given  Z. 

\:an.  req.  Z. 


As  fin.  fifth  arc 

To  fin.  fourth  arc 

So  tan.  diff.  long.  Z.apb 


To  tan.  Z.  pofit.  Z.pba        ==     87    15 


=       30  02' 

1,27641 

=     37    01 

9'77963 

=     61    24 

10,26343 

11,31947 


To  find  the  angle  of  pofitlon  pab. 
"he  other  parts  being  found,  this  angle  may  be  found  by  the  pro* 
o:ion  between  oppofite  fides  and  angles.     Thus  : 


Ksn.  pa 
cm.  ZPBA, 
on.  pb 

C,n.    ZPAB. 


Or,    As  fin.  Bermudas's  co-lat.     r=  570  35' 

To  fin.  Z  pof.  at  Lizard     =5  87     15 

So  fin.  Lizard's  co-lat.       .,23  40    03 

To  fin. Z. pof.  at  Bermudas    ;=  49    35 
Ggg  2 


0,07357 
9,999:0 
9,80852 

9,88159 

OF, 


A-}P- 
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Or,  working  by  aTt.  533,  the  fame  angle  would  be  obtained. 

Alio,  :Had  the  two  firft  proportions  been  worked  with  the  Lizard's 
titude  inllead  of  Bermuda's,  the  fame  diftance  would  have  been  foui . 

So  the  fhorteil:  diltance  between  the  Wizard  and  Bermudas  is  470  c 
or  2S74  fea  miles ;  which  is  178  miles  lefs  than  the  diftance  found 
Mercator's  failing. 

,  And  a  (hip  to  run  this  fhorteft:  tra£t,  mull:  fail  from   the  Lizard 
870  15' W.,  and   gradually  to  leflen  the  courfe,  fo  as  to  arrive  at  Bi  ■ 
mudas  on  the  rhumb  bearing  S.  490  35'  W. ;  Whereas  the  direct  cou; 
from  one  place  to  the  other,  as  found  by  Merpator's  failing,  is  S.  6o,°02/'\ 

81 6.  C  as  e  VI.  When  one  of  the  given  'places  has  north  latitude  m 
the  other  has  fouth  latitude. 

Example.  What  is  the  nearejl  dijiance  from  the  Ifland  of  St.  Helt 
to  the  Jfiand  cf  Bermudas ;  and  alio  the  angles  of  pofition  at  each  place  ? 
iiiand  or'  Bermudas  in  lat.     30  25'  Is.     and  long.     66°  38'  W. 
Iflandof  St.  Helena  in 'lat.     16    00   S.       and  loi.*g.       6     15    W. 

Diff.  long.     60    2% 


By   Construction.     Plate  VIII.     Fig.  28, 

Make  qa  =  1 6°  00',  the  lat.  of  St  Helena ;  defcribe  the  arc  a  a  abc 

P  (456)  with  the  tangent  of  p  a  =  570  35',  the  co-lat.  of  Bermuda; 

Arcs  defcribed  from  P,  s,  with  the  fecant  of  6o°  23%.  the  diff.  lonj 

will  ,ive  the  centre  of  the  circle  pcSj  the  meridian  of  Bermudas;  a: 

its  interferon  b  with  a  a  is  the  place  of  Bermudas. 

Defcribe  a  great  circle  thro'  a,  b,  d  ;  the  intercepted  arc  ab  is  t 
diftance'fbught,  which  may  be  meafured  by  4.46:  and  the  angles  pa 
abs,  are  the  ppfitiops  required,  "which  are  to  he  meafured  as  directed 
art.  448. 

Computation.    In  the  oblique  fpheric  triangle  abp. 
Given  pa  ==  1060  00',  St.  Helena's  lat.,  added  to o,o°j  ©r its N.pol.di 
pb  =3    57    35,  Bermudas's  co-lat. 

23,  their  difference  of  longitude. 
The  folution  falls  under  art.  533,  534. 


Z-Ape  —  .60 
To  find  the,  reft. 


As  Radius 
To  cof.  z.  ?, 
So  tang,  pb 


To  find  the  dijiance  ab. 
Or,   As  Radius  —     90°  00' 

To  cof.  diff.  long.         —     60    27, 
So  tan.  Berm.  co-lat.     =     57    35 


1 0,000 

9,693 
10,197 


To  tang.  m. 

To  tang,  fourth  arc 
Which  taken  frpm 

Leaves  a  fifth  arc 

Or,   As  cof.  fourth  arc 
To  cof.  fifth  arc 
So  fin.  Bermudas  lat. 

To  cof,  diftance 

— r 

37 
106 

54 

00  =: 

St. 

N. 

Q,8qi 

Hek-na's  1 

[polar  dj 

68 

06  zz 

As  cof  M 

To  cof.  N, 

So  Cof.  PB 
To  Cof.   AB, 

37 
68 

57 
75 

5i 
06 

35 
'9 

0,102 

9>729 
9,403 
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To  find  the  angle  of  p of  U on   pab. 
The  fourth  and  fifth  arcs  being  found  as  before. 


413 


5  fin-  n 

Or,   As  fin.  fifth  arc 

=± 

68*  06' 

0,03253 

jo  fin.  m, 

To  fin.  fourth  arc 

rr; 

37    54 

9,78837 

1  tan.  A? 

So  tang.  diff.  long. 

— 

60    23  . 

10,24530 

h  tan.  Z.A. 


To  tang.  Z.  pofidon  ~     49    20  10,06620 


b  tan.  m. 


7<7  jSW  fZ><?  #«*/<?  «/*  pojition  ABP. 

Or,   As  Radius  r=     900  oo; 

To  cof.  difF.  long.  rr:     60  23 

So  tan.  Helena's  N.pol.dift.  r=   106  00 


To  tang,  fourth  arc 


10,00000 
9,69390 

10,54250 


=     59  ,53  10,23640 

But  by  the  determination,  art.  533,  this  fourth  arc  is  to  be  like  pa, 
i  obtufe  5  therefore  the  fupplement  of  590  53',  or  1200  07',  is  to  be 
k  fourth  arc:  Then  the  difference  between  this  fourth  arc  and  pb,  is 
t°  32'  for  N,  or  the  fifth  arc.     And 

Or,  As  fin.  fifth  arc  ~     62°  32'  0,05194 

To  fin.  fourth  arc  r:   120    07  9,93702 

So  tang.  diff.  long.  fS=     60    23  10,24530 


i  fin.  n 

r:i  fin.  M, 
Stan.  Z.P 


:►  tan.  Z_abp. 


To  tang.  Z.  pofition 


=     59    45 


10,23426" 


But  by  the  determination,  art.  533,  the  Z.abp  is  to  be  obtufe,  and 
itherefore  120°  15',  which  is  the  fupplement  of  59?  45'. 

So  that  was  a  (hip  to  fail  from  St.  Helena  to  Bermudas  on  the  arc  of  a 
g:at  circle,  fhe  muft  firft  ihape  her  courfe  N.  490  20'  W.,  and  gradu-. 
■s^  deflect  from  the  north,  fo  as  to  arrive  at  Bermudas  on  a  courfe  N« 
•|°  45'  W.,  after  having  run  750  19',  or  4519  fea  miles. 

The  courfe  found  by  Mercator's  failing  is  N.  50?  05'  W.,  and  the 
citance  is  4527  miles. 

Whereby  it  appears,  that  when  the  places  are  one  in  N.  latitude, 
al  the  other  in  S.  latitude,  there  is  but  a  fmall  difference  between 
k  refults  found  by  Mercator's  and  circle  failing :  For  near  the  equa- 
te, the  rhumb  lines,  do  not  greatly  differ  from  great  circles. 

From  the  folutions  of  tfie  foregoing  cafes  it  is  plain,  that  to  fail  on 
tT:  arc  of  a  great  circle,  the  fhip  muft  continually  alter  her  courfe  : 
it  as  this  is  a  difficulty  too  great  to  be  admitted  into  the  practice  of 
^vigation,  therefore  it  has  been  thought  fufficiently  exact  to  effect  this 
binefs  by  a  kind  of  approximation  j  that  is,  by  a  method  which  nearly 
3>roachcs  the  failing  on  a  great  circle, 


8i/. 
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817.  The  principle  upon  which  this  approximation  is  founded,  i 

that  in  fmail  arcs^  the  difference  between  the  arc  and  its  chordy  or  tanger, 
is  fo  fmally  that  they  may  be  taken  one  for  the  other  in  any  nautical  open 
tions. 

Upon  this  principle,  the  great  circles  on  the  earth  are  fuppofed  to  1 
made  up  .of  fhort  right  lines,  each  of  which  is  a^  fegment  of"  a  rhurr 
line. 

And  on  this  fuppofition,  the  folution  to  the  following  Problem  is  d< 
duccu. 

PROBLEM    II.  I 

818.  Having  given  the  latitudes  and  longitudes  of  the  places  failed  fro 
and  bound  to  :  To  find  the  fucceffive  latitudes  on  the  arc  of  a  great  circle ; 
thofe  places  where  the  alteration  in  longitude  Jhall  be  a  given  quantity  j  /, 
geiher  with  the  courfes  and  dijlances  between  thofe  places. 

Solution. 

I.  Find  the  angle  of  pofition  at  each  place,  and  their  diftance  b 

one  of  the  preceding  fix  cafes. 

II.  Find  the  greateft  latitude  the  great  circle  tuns  thro' ;  that  i 

find  the  perpendicular  from  the  pole  to  that  circle ;  and  alfo  fin 
the  feveral  angles  at  the  pole,  made  by  the  given  alteratior 
of  longitude  between  this  perpendicular  and  the  fucceffive  mi 
ridians  come  to., 

III.  With  this  perpendicular  and  the  polar  angles  feverally  find  s 

many  correfponding  latitudes,  by  faying  (521): 
As  Rad  :  tan.  greateft  lat.  : :  cof.  iff.  polar L.  :  tan.  ift  lat. 

: :  cof.  2d  polar  Z.  :  tan.  2d  lat. 
&c.  &c. 

TV.  Having  the  feveral  latitudes  pafled  thro',  and  the  difference  ( 
longitude  between  each,  find  by  Mercator's  failing  (770),  th 
courfes  and  diftances  between  thofe  latitudes. 

And  thefe  are  the  feveral  courfes  and  diftances  the  fhip  muff  run,  t 
keep  nearly  on  the  arc  of  a  great  circle. 

Now  the  fmaller  the  alterations  in  longitude  are  taken,  the  nearer  wi 
this  method  approach  the  truth :  But  the  ufual  way  is  to  compute  t 
every  5  degrees  of  difference  of  longitude  ;  the  length  of  an  arc  of  5  de 
grees  differing  from  its  chord  or  tangent  only  by  o,O002  j  as  may  b 
found  from  the  articles  320,  326,  328, 

The  examples  to  the  third,  fifth,  and  fixth  of  the  preceding  cafes  ar 

hereafter  refolved  by  this  method,  whereby  the  difference  between  th 

length  of  the  great  circular  arc  paffrng  thro' the  two  places,  and  th 

fum  of  the  feveral  rhumbs  failed  on  between  thofe  places,  may  be  com 

wared. 

2s$ 
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819.  Question  I.  A  Jhip  being  bound  from  the  IJland  of  St.  Maries 
t  Cape  Henry ,  propofes  to  fail  as  near  the  arc  of  a  great  circle  as  flie 
w,  by  altering  her  courfe  at  every  5  degrees  difference  of  longitude :  Re- 
ared the  latitude  at  each  time  of  altering  the  courfe ,  and  alfo  the  courfes 
ii  dijlances  between  thofe  feveral  latitudes  ? 

St.  Maries    lat.   is     370  oo'  N.     the  long.     220  56'  W. 

Cape  Henry's  lat.  is    37    00  N.     the  long.     76    23  W. 

The  diff.  long.  53    27 

The  figure  being  defcribed,  and  the  computation  made  as  in  art.  813, 
1  diftance  ba  is  found  to  be  420  06',  and  the  Z.A  or  z_b  =  73°  co/, 
tl  angle  of  pofition.     Plate  VIII.     Fig.  29. 

>Jow  the  triangle  apb  being  ifofceles,  the  perpendicular  pi  falls  in  the 
nJdle  of  abj  and  the  latitudes,  courfes  and  diftances  being  known  in 
nming  the  half  bi,  thofe  in  the  half  ia  will  alfo  be  known. 

Let  the  points  a,  b,  c,  d>  &c.  be  the  places  come  to  on  each  altera-* 
tn  of  5  degrees  of  longitude :  then  will  the  arcs  p  ay  pb>  p  c,  p  d,  &c. 
b  the  refpedtive  co -latitudes  of  thofe  places,  and  are  the  hypothenufes 
fthe  right-angled  fpheric  triangles  pia,  pi£,  pic,  pid,  &c. 


In  the  triangle  pib. 
(t^en       pb  =  530  oo' 
Z.PBI  =  73    09 

Art.  513. 


1  find   pi. 


As   Rad 
To  fin.  pi 
So  fin.  Z.B 


~     90 

=     53 
=     73 


00 
09 


iGjOoooa 
9,90235 
9,98094; 


To  fin.  pi      =: 


51        9,88329 


KivZ.iPE=(iL-iZ  =:)  26043f/;  Z.iP^=:2i*43|/i  Aivb~i6*  4.^' -t 


/L.itcz=z  iv 


43§' 


<Lipd  ==  6°  43|'  j   are  the  feveral  polar  angles. 


21' 


43f; 


fen  (521)  Rad    =S  90*  oo' 
%  cot  pi  mi  49. 51 

&cof.  polar  angle 

T  tang.  lat. 

Which  are 


10,00000 
9,92612 
9,96800 

9,89412 

38°  05' 


The  degrees  and  mitt*  fet  over  each  column,  are  the  polar  angles  ufed 
in  hat  proportion,  and  the  correfpending  latitudes  ftand  at  bottom. 

•20.  Thefirft  term  of  thefe  proportions  being  radius,  and  the  fecond 
ten  conftant,.  the  operations  may  be  very  expeditioufly  performed  thus. 

)n  a  flip  of  paper  let  the  log.  of  the  2d,  or  conftant  term  be  wrote, 
oihe  fame  fize  with  the  printed  figures  j  apply  this  log.  cot.  fucceflively 
tcihe  log.  cofines  of  the  polar  angles :  Then  the  fum  of  the  two  logs. 
bpg  wrote  down  each  time,  will  give  the  log.  tangents  of  the  feveral 
larudes  arrived  at, 

ly  this  method,  each  proportion,  will  be  worked  by  writing  down 
©»y.  one  line, 

Hence 
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Hence  it  appears,  the  (hip  muft  firft  fail  from  the  lat.  370  00'  N. 
lat.  380  05'  N. ;  thence  to  lat.  380  56'  N. ;  thence  to  lat.  390  33' :  then 
to  lat.  390  57'  N. ;  thence  to  lat.  400  09'  N.,  which  is  the  greateft] 
titude  fhe  muft  go  to ;  and  from  thence  me  muft  proceed  thro'  the  ] 
titudes  390  57',  390  33',  380  56',  38°  05',  and  fo  to  37°  00',  the  f 
rallel  me  fet  out  from,  and  wherein  fhe  is  to  find  Cape  Henry. 

Now  between  thefe  feveral  latitudes,  with  the  refpeclive  differen< 
of  longitude,  find  by  Mercator's  failing,  art.  770,  the  courfes  and  c 
fiances. 

If  the  refults  of  the  feveral  operations,  in  the  queftions  of  great  cir< 
failing,  be  entered  in  fuch  a  table  as  the  following,  it  will  be  found 
fome  convenience  to  the  operator. 


Polar  angles 


4'3f 


Z.JPB  26 

Z.ip«  21  43| 

jLivb  16  43I 

jLip  c  11  43! 

/Livd  6  43I 


Succefl 


ion 


a-1- 


22° 56' 
27    56 

32    56 

37  56 
42  56 

49  39f 


Succeft 
lats. 


37-00 
38   05 

38  56 

39  33 

39  57 

40  09 


Diff. 
long. 


300 

65 

300 

51 

300 

37 

300 

24 

403.5 

12 

Diff 
lat. 


Merid. 
parts. 


Mer. 
diff.  lat 


2392,6 
2474,6 
2539,8 
2587,6 
2618,8 
2634,5 


82,0 
65,2 

47.8 
31,2 

*5«7 


*~our 


74.43 

77.44 
80,57 

84,04 
87,46 


Dift. 


246, 
240, 

235- 
232, 

3°7> 


1 261. 


'   In  the  firft  column  are  the  angles  at  the  pole  contained  between  t! 
perpend,  and  the  feveral  meridians  differing  by,  5°. of  longitude. 

In  the  2d  col.$  the  departed  longitude  22'  56"  being  increafed  by  tl 
differences  of  longitude,  make  the  fucceflive  longitudes  come  to. 

In  the  3d  col.  are  the  fucceffive  latitudes  paffed  thro*,  from  St.  Mari 
to  the  greateft  latitude. 

In  the  4th  and  5th  columns,  are  the  differences  between  the  longitudij 
and  latitudes  in  the  2d  and  3d  columns. 

In  the  6th  column  are  the  merid.  parts  to  the  fueceffive  latitude!; 
and  in  the  7th  col.  are  the  merid.  diff.  latitudes. 

The  8th  and  9th  columns  contain  the  courfes  and  diftances  bet\yee< 
the  places  anfwering  to  the  2d  and  3d  columns. 

The  numbers  in  the  3d,  8th  and  9th  columns,  are  found  by  workir 
of  the  logarithmic  proportions  on  a  waft  paper  $  but  the  work  is  ha 
omitted,  as  it  is  fo  eafily  fupplied. 

Now  the  column  of  diftances  being  fummed  up,  amounts  to  1261,0 
which  being  doubled  gives  2523,8  miles  for  the  diftance  between  S 
Maries  and  Cape  Henry;  differing  from  the  diftance  found  (813)  in 
great  circle  by  2,2  fea  miles.' 

And  the  courfes  the  fhip  muft  fteer  are,  I  ft.  N.  74"  43'  W. 
2d.N.  77044'W.  ■;  3d.N.  8o"57/W.  4th.  N.  840  04' W.  5th.  N.  8; 
46'  W.  6th.  S.  87 •  46'  W,  j  7th;  S,  84*  04/  W. ;  8th.  S.  80*  57'  W. 
9th.  S.  770  44'  W.  5  10th.  S.  74*  43'  W. :  And  on  thefe  courfes  ft 
tfiu-ft  r uh  the  refpeclive  diftances'  ft&riding  againft  $km* 
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821.  Question  II.  A  Jhip  bound  from  the  Lizard  to  the  IJlahd  of 
IrmudaS)  propofes  to  fail  on  a  great  circle ,  and  to  alter  her  courfe  at  ever? 
ft  degrees  of  longitude  :,  Required  the  latitudes  thro'  which  the  Jhip  is  to 
p},  and  alfo  the  courfe  and  diflance  between  each  ? 

rhe  Lizard's  lat.  is    490  57' N.     Long.     50   'VW.)^.-.         r 
Bermudas   lat.  Is    32     25  N.     Long.  66    38  W.  \ Ulti'  lonS'  6 '    24  ' 

having  defcribed  the  figure,  Plate  VIII.  Fig.  30,  and  found  the  Z.pab 
-49°  35'»  ^e  ^-Pba  =  87*  15',  and  the  fide  ab  =  47*  54',  as  in 

Draw  pi  at  right  angles  to  Abd;  (449) 

'n  the  equator,  lay  off  from  the  centre  the  tangents  of  5,  10^'  15,  20' 
&  to  55  degrees ;  and  thofe  points  give  the  centres  to  the  arcs  of  co- 
la to  every  50  diff.  longitude. 

Wo  find  the  perpend.  Pi.  (513) 

ARad  —  900  oo'  io,ocooo 

1  firi.  pa       £:  57    35         9,92643 
fifin.  Aa      =;  49  35        9,88158 


ft  fin.   pi       =  40  00       9,80801 


(45i) 

To  find  the  polar  angle  API.  (515) 
As  Rad  —  900  oo;     io,coooo 

To  tang.  Z.A    =4-9    35       10,06978 
So  eof.   ap     _,c=  32    25        9,72922 


To  cot.  L  api  '==  57  '48        9,79900 


■"Tow  .the  polar  angle  api,  or  the  diff.  long,  between  the  perpend. 
■and  the  meridian  of  Bermudas,  57^48',  being  taken  from  6i°24', 
Wt  whole  diff.  long.,  leaves  the  diff.  long,  between  the  Lizard  and  1  : 
■3  50,  the  propofed  alteration  of  longitude,  being  fubtracted  as  often 
ij:an  be  from  57°  48',  leaves  the  feveral  polar  angles;  with  which,; 
■  the  perpendicular  pi*  the  feveral  latitudes  arrived  at  are  found  by 
it  820. 

■Then  having  thofe  latitudes,  and  the  differences  of  longitude  between 
ffn,  find  the  fuccefiive  courfes  and  diftances  by  art.  770. 
|Uet  the  feveral  refults  be  placed  as  in  the  following  table ;  the  lo- 
gjthmic  work  being  performed  oh  a  waft  paper,  is  here  omitted. 
.  Alfo,  fuppofe  the'  fmall  letters  in  the  figure  iupplied. 


Polar  angles 


I 


ipe  3°  j6/ 

ip  a  2  48 

ipb  7  48 

IP  c  12  48 

IP  d  17  48 

IP*  22  48 

ip/  27  4S 

**g  3?  48 

ip  ,6  37  48 

ip  *  j)  2  48 

ip  k  47  48 

ip  /  52  48 


Succeff. 
longs. 


5°i4y 
8  50 
11  38 
16  38 
21  38 
26   38 

3i  38 
3638 
41  38 
46   38 

5'  38 

56  38 

61  38 

66  38 


SucceiT. 
lats. 


49*57' 
50  00 

49  58 
49  44 

49  l7 

48  37 

47  42 
46'  .31 
45  °3 
43  if 
41  10 
38  41 

35  46 
32   25 


DifF. 

long. 


Diff. 
lats. 


216 
i65? 
300 
300 
300 
300 
300 
300 
30c 
300 
300 


2  7 
40 

55 

71 

88 

106 

127 

149 


300    175 
201 


Hhh 


Me;  id. 

parts. 


3469,8 
3474.5 
347L4 
3449.7 
3408,1 

3347>2 
3264,7 
3160.4 
3034,2 
2886,4 
2714,9 
2520,5 
2300,7 
2058,0 


aaern. 

djff.  lat. 


Courfe: 


4>7 

3.i 

21,7 

41,6 

60,9 

82,5 

104,3 

126,2 

147,3 

17L5 

194,4 
219,8 
242,7 


S8°  45' 

88  56 

85  52 

82  06 

78  3i 

74  37 

7°  5C 

6y  10 

63  46 

60  15 

57  °3 

S3  45 


Dills. 


'37.5 
107,4 

194,2 

196,4 
200,6 
207,3 
216,3 
226,8 
239,8 
255,9 

273.9 
290,1 

319,6 


2871.8 


Now 
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Now  the  fum  of  the  fev'eral  diftances  make  2871,8  miles. 
But  the  diftance  in  the  arc  of  a  great  circle  is  2874  miles. 
difference  of  the  two  methods  is   2,2  miles. 


The 


(8 


lwu  mcuiuub    is    z,z   nines. 
In  this  example  it  was  judged  heceffary  to  keep  the  fractional  pi 
in  the  meridional  parts,  in  order  to  have  the  diiftances  more  accurate 


£22.  Question  III  J  flip  %ttng*  bound  from  the  If  and  of  Si.  f&, 
to  the  If  and  of  Bermudas,  it  is  pfofofed  Jhe  Jhould  fail  near  the  arc  oj 
*>~eat  circle  faffing  thro  thofe  places,  and  Yd  after  her  courfe  at  every  C 
longitude  :  Rehired  the  latitude's  where  Ihbfe  courfes  are  altered,  and  \ 
'the  courfe  and  diftance  between  each  place  of  alteration  f 

,6-oo'S.    Lone.    6°.-'^|Diff.loll.^6o 


St.  Helena's  lat.  =3 
Bermudas  s    lat    — 


S. 
N. 


Long. 
Long 


6°  1 ;'  Vv\ 
66    38   W. 


•  00 
32    25 

Having  defcribed  the  figure,  Plate  VIII.  Fig.  31,  and  found  the  ill 
rr  t  2C°  15'  j  Z.pa"b  ==  49°  20' ;  and  the  diffc  ab  =  750  19'  ;  as 
art.  Si 6. 

In  the  equator  QF,  lay  off  from  f  the  tangents  of  5*-,  io°,  15^ 
to  550;   and  thofe  points  will   give  the  centres  to  the  meridians  paf: 
thro'  every  5  degrees  of  long,  between  St.  Helena  and  Bermudas.  (4 


To  find  the  perpend.  PI, 
As  Rad  =   oo°  oo' 

To   fin.      pb     =57    35 
So  fiti.  Z.PBI     —   59   45 


To   fin.      pi     = 


46   49 


(513) 
10,00000 

'9-/92643 
9'93643 

9,86286 


To  find  the  polar  Z.  e  p  r .  (515 

P&  Rad             ~  900  oo7  10,06 

To  cof.     bp    rr  57   35  9,72 

Sotan.  Z.pbi    =  59   45  10,23 

Tocot;Z.spi    =  47  25  9,96 


Now  the  feveral  polar  angles,  longitudes,  latitudes,  diff.  longs., 
lats.,  mer.  parts,  mer.  diff.  lats.,  courfes  and  diftances  being  compi  < 
on  a  waft  paper,  their  refults  are  to  be  entered  in  a  table  as  follow,1 


Polar  angles 


Z.TP  /: 

4.  1  P  ■' 

.  l.  1  j>  b 

'    I.  I  P  ! 

6.  J  p  ''  : 
4..1P4- 


•9-7  & 

87  4S 

7"  4* 

"2  48 

(,7  48 

6-2  48 

57  48 

52  4$ 


Sl1  cccil 
fbnfcs 

6°  1,-': 
r  i  1 5 
16  1  - 
21  15 

26  1 5 

31  r; 

41  1.5 

46  15 
51  t£ 

$  J5' 
61  15 
56  38 


Succcfi 
lats. 


1  bo'  L> 

16 

38 

04  N 

43 

13 

3' 

32 

'3 

34 

34 

25 


Diff. 
:ong. 


Diff 
lats. 


zbg 
278 

282 


300. 
300 
300 
300 
30a  279. 
3°a  27c 
300,  25 P 
360;   24  1 

3CO,    22k 

300,  20  r 
300J    18  c' 

3Z3J   '7' 


Merid 
parts 


973 
709 

43.7 

158 

124 

404 

677 

943 

11 95 

i433 

1654  , 

'1858 

2058  , 


Merid 
d.  lat. 


264 
272 
Z79 
282 
280 
273 
266 
252 
238 
221 
204 
200 


Courfe; 


4,8°  39 

47  48 

47  05 

46  46 

46  58 

47  42 

4s  26 

49  58, 

5*  34 

53  37 

55  47 


8 


'4 


38 
40' 
40 

41 

40 

40 
38 

37 
35 
33 

Km 

32 : 


•;' 


n 
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823.  The  track  of  a  fhip  when  directed  nearly  in  the  arc  of  a  great 
ccle,  as  in  the  preceding  articles,  may  be  delineated  on  the  Mercator's 
cart,  by  marking  thereon,  by  the  help  of  the  latitudes  and  longitudes, 
t;  fucceflive  places  where  the  fhip  is  to  alter  her  courfe ;  then  thofe 
r.ces  or  points  being  joined  by  right  lines,  will  (hew  the  path  along 
viich  the  fhip  is  to  fail  under  the  propofed  circumftances. 

Thus  in  Plate  VII  is  drawn  the  route  propofed  in  Queftion  II,  art.  821, 
f  itn  the  Lizard  to  Bermudas :  And  notwithstanding  tha{  this  track  on 
t;  chart  appears  much  longer  than  the  rhumb  paffing  thro'  thofe  two 
fices,  yet  it  muft  be  remembered,  that  thefe  lines  are  only  the  repre- 
i itations  of  curves  on  the;  fphere  whofe  abfolute  lengths  are  not  hereby 
tpreffed. 

SCHOLIUM. 

,1824.  The  reafoning  and  conclusions,  in  the  preceding  fections  of  this 
Jok,  have  been  delivered  as  if  the  earth  was  a  perfect  fphere :  But 
tthin  the  laft  80  years  it  has  appeared  from  many  obfervations  that  its 
tfure  is  not  ftrictly  fo,  being  rather  like  a  figure  altered  from  a  fphere, 
\  being  a  little  flatted  at  the  poles,  fomewhat  of  the  fhape  of  a  flat 
)|rnip  or  bowling-green  bowl ;  or,  in  the  language  of  mathematicians, 
I'  figure  of  the  earth  is  an  oblate  fpheroid^  whofe  axis  or  polar  diameter 
ijhorter  than  the  equatorial  diameter.  The  proportion  of  thefe  diameters 
ipording  to  Sir  Ifaac  Newton,  who  firft  difcovered  it,  is  as  229  to 
■0;  or,  according  to  fome  later  obfervations,  as  230  to  231.  Now 
|:s  the  difference  between  thefe  diameters  more  cqnfiderable,  it  would 
jjjatly  affect  all  nautical  conclufions  deduced  from  a  fphere,  and  the 

f;fent  tables  of  meridional  parts  would  be  very  imperfect :  But  by  the 
k:le  difference  of  the  diameters  the  error  is  fcarce  fenfible  in  feveral'  days 
.Drks,  even  in  the  higheft  latitudes  where  any  confiderable  navigation 
■  carried  on,  and  where  the  error  would  be  greateft.  However,  in 
fcier  to  put  it  in  the  power  of  thofe  who  are  inclined  to  aclapt  their  ope- 
rions  to  the  true  figure  of  the  earth,  it  will  here  be  fhewn  how  the  ta- 
ts of  fpheric  meridional  parts  may  be  fitted  to  the  fpheroid. 
The  reader  is  defired  to  excufe  the  qmiflion  of  the  computations  up- 
C  which  the  correcting  of  the  meridional  parts  is  founded  j  becaufe  they 
Spend  on  certain  elements  which  were  thought  improper  to  be  intro- 
|ced  into  a  work  of  this  kind  :  But  thofe  who  are  qualified  to  under- 
fnd  fuch  computations,  may  find  them  in  feveral  books,  particularly  in 
lac-laurin's  fluxions,  art.  896,  and  in  Simpfon's  fluxions,  art.  465. 
*hefe  gentlemen  have  in  a  very  elegant  manner  deduced  the  fame 
fneral  rules  for  finding  the  meridional  parts  in  a  fpheroid ;  but  Mr, 
Snpfon  having,  from  fome  farther  considerations,  fitted  his  rules  more 
«nveniently  for  practice,  his  corrections  will  herein  be  ufed. 

•825.    To  find  the  correction  for  changing  a  table  of  fpheric  meridional 
]rts  to  fpheroidal  meridional  parts. 

Rul?. 
Say,  As  Radius  is  to  the  fine  of  any  given  latltude3 

So  is  the  conftant  number  30  to  the  correction  fought. 

H  h  h  2  Subtract 
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Subtract  the  correction  from"  the  fpheric  meridional  parts  to  the  1; 
tude  ufed,  and  the  remainder  is  the  fpheroidal  meridional  parts  to  t 
latitude. 

Example.  Required  the  fpheroidal  meridional  parts  for  the  lat'ttud, 
60  degrees? 


As  Radius  .  io,occot 

To  f.  lat.  6c?  co'     9,93 753 
So  number  30  1,47712 

To  cor.  25,98         1,41465 


From   fpheric   men    parts  to   6o°  00'    452 
Take  the  correction  21 

Leaves  fpheroidal  mer.  pts.  to  60°  oo'    450 


Or,  the  correction  may  be  readily  found  by  the  Traverfe  table. 
With  the  latitude  6o°.  among  the  courfes,  and  againft  30  in  the  c 
lumn  of  diftances,  take  in  the  column  of  departure  the.  correction  26, 

826.  To  find  the  correction^  for  reducing  any  given  parallel  of  latitude 
the  Mere  to  that  of  the  fpheroid. 

Rule. 
Say,  As  Radius  is  to  the1  fine  of  double  the  given  latitude, 

•    So  is  the  conftant  number  11,2  to  the  correction  fought; 
which  "fubr.ra6r.ed  from  the  minutes  in   the  given  latitude,  reduces  tfi 
parallel  from  the  fphere  to  the  fpheroid. 

Or,  By  the  Traverfe  table. 
Among  the  courfe?,  feek  the  double  of  the  given  latitude  when  und 
450,  or.  the  double  of  the  co-latitude  when  above  450,  and  againft  11  If 
the  col.  of  alliances  take  the  correfponding  depart.,  which  increafed  by  ! 
fifth  part  of  the  diff.  between  that  and  the  next  greater  will  be  the  co.i 
reeiion  fought. 

Exam.  I.  Find  the  diflance  between  the  equator  and  the  parallel  of  2(1 
on  the  fpheroid.. 

Under  400  (the  double  of  20°)  and  againft  11  in  the  col.  of  am 
flands  7,1  in  the  col.  of  dep. ;  the  difference  between  it  and  the  nejj 
greater,  7,7,  is  0,6 ;  a  fifth  part,  or  0,1,  added  to  7,1  gives  7,2,  tlj 
correction  fought. 

Now  20°  x  60  =  I2C0  min.  Then  1200  —  7  =  1193,  the  mj| 
in  the  .firft:  20  degrees  of  latitude  on  the  fpheroid. 

Exam.  II.  What  is  the  difference  of  latitude  between  the  parallels  of  be. 
and  400  of  latitude  on  the  fpheroid  ? 

Thecomplement  of  60?  is  300,  which  doubled  is6o° ;  and  twice40°  is  8o( 

Now  60  of  courfe  and  11  of  dift.  gives  9,5,  which  increafed  by  4  of  o,t, 
the  excefs  of  the  next  greater,  gives  9,7,  or  io'm.  for  the  correction  tor 60' 

And  8o°  of  courfe  with  11,2  of  dift.,  gives  11  miles  of  corr.  to  400. 

Then  6o°  x  60  =  3600 ;  and  3600  —  10  =  3590  miles  for  the  di 
ilance  of  the  parallel  of  6o°  of  latitude  /rom  the  equator. 

Alfo  40°  x  60  .=  240a;  and  2400  ~  11  =a  2389  miles  for  the  diftanc 
of  the  parallel  of  4c0  of  latitude  from  the  equator, 

Thei 
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lien  3590  —  2389  =  1201  miles  for  the  cliff,  lat.  fought,  which  is 
f  jiile  more  than  would  be  on  the  fphere. 

"he  equation  producing  this  latter  correction  was  communicated  both 
bjMr.  Simpfon,  and  Mr.  Clairaut,  when  in  London  this  laft  winter. 
«ti  order  to  compare  the  difference  between  the  refults  from  the  fphere 
H  the  fpheroid,  the  following  example  is  here  annexed. 

Kxam.  Required  the  courfe  and  di fiance  from  the  Lizard  to  the  IJland 
■mBarbadoes  ? 


rd        s' 

»ados  qq 


Longit. 
14'W 

50  W. 


Ion.  54    36 
60 


Lat. 

490  57'N.rr  2997  m 
13  ooN.=  780m 


d. lat. 36  57     =298601, 
60  775 


Cor. 
1 1 

5 


Com,m  p. 

3469,8 

786,8 


2683,0 
Mer.d.lat, 


Cor.  Cor.  m.p. 
23,0 

6,7 


344M 
780,1 


2666,7 

Cor.m.d.L 


3276  m.     .         1217  m.  1211m. 

"he  latitudes  are  corrected  by  art.  826,  and  the  meridional  parts  by 
825.    And  2997  -*-  11  =  2986.     Alfo  780  —  5  =  775. 


ner.  djff.  lat. 
diff.  long. 
Radius 


To  find  the  Courfe 
In  the  fphere.  In  the  fpheroid. 


2683 
=  3276 
=     Rad 


6,57138 

3>5I534 
10,00000 


tangent  Cpurfe      ~     50*  41'     10,08672 


Or    =     2667 

=     3Z76 

3=    Rad 


6.57398 

3.5*534 

10,00000 


To  find  the  Dijiame. 


cof.  Courfe 

=    s°'v' 

0,19818 

Or 

=     50°  51 

diff.  lat. 

=z     2217 

3-34577 

=       2211 

Radius 

=     Rad 

10,00000 

r=     Rad 

Dill 


iiice 


3499 


3^54395 


=s    5°*  51'    10,08932 


0,1^^5; 

3.34459 
io,ocooo 


=     3502 


3.54432 


Vhence  it  appears,  that  the  difference  between  the  fpheric  and  fphe- 
1  operations  amounts  to  jo  minutes  in  the  courfe,  and  to  3  miles 
Jie  diftance. 

The  foregoing  corrections  were  made  by  ufing  Sir  Ifaac  Newton's 
mbers  for  the  two  diameters  of  the  fpheroid ;  and  altho'  fome  authors 
the  fuppofition  that  the  difference  between  the  equatorial  and  polar 
neters  was  greater  than  affigned  by  the  illuftrious  Newton)  have 
en  much  greater  corrections,  founded  on  the  menfurations  in  France 
Lapland  \  yet  as  thofe  menfurations,  at  the  time  the  chief  of  thofe 
hors  wrote,  had  not  been  compared  with  the  menfurations  made  in 
therefore  the  diameters  they  had  chofen  were  defective  of  the 
tilth,  and  confequently  their  corrections  lefs  accurate  than  could  be 
^hed :  For  the  more  this  intricate  problem  concerning  the  figure  of 
¥  earth  has  been  confidered,  the  more  inclined  are  the  mathematicians 
ttufe  the  diameters,  afligned  by  JSFewtoij?1 
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Sz7-     A      TABLE 

O    F 

MERIDIONAL    PARTS 

To  every  Degree  and  Minute 

OF    THE 

QJJ  ADRANT. 

Calculated  on  the  fuppolition  of  the  fpheric 
figure  of  the  Earth. 


I  Where  D.  1.  ftands  for  deg.  of  lat.  and  M.  P.  for  meridional  parts. 
Sek  the  degrees  of  latitude  at  the  top  or  bottom,  and  the  minutes  in 
t:  right  or  left  hand  columns,  and  the  correfponding  meridional  parts 
\\\  Hand  right  againft  the  minutes,  and  in  the  column  fjgned  with  the 
**ree  propofed, 


424 

MERIDIONAL    PARTS, 

ii 

f- 

9.-1. 

0 

1 

2 

3_ 

4 

s 

6 

7 

8 

9    |p 

M.P.  n 

fliin. 

M.  P. 

M.  P. 

M.  P. 

M.  P. 

M.P. 

M.P. 

M.  P. 

M.  P. 

M.P. 

o 

0,0 

60,0 

I2C,0 

180,1 

240,2 

3°°/4 

360,7 

421,1 

481,6 

542,2 

I 

1,0 

6l,Q 

121,0 

i8i>i 

241,2 

301,4 

361,7 

422,1 

482,6 

543*3 

2 

2,0 

6z,o 

122,0 

182,1 

24.2,2 

302,4 

362,7 
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*$1&1 

1645,5 

'7-2,8 

i7So,6 

1849,2 

26 

*7 

1*53,9 

1318,1 

1382,8 

1448,0 

'15' 3,7 

'579,8 

'1646,.' 

'7^,9 

1781,8 

1850,4 

27 

28 

1255,0 

1319,2 

1383,9 

1449,1 

'5>%8 

1580,9 

1 647,7 

'7 '5,' 

1783,0 

1851,5 

»S 

29 

125(3,0 

15:0,3 

138^,0 

1450,2 

1:15,9 

1SS2,C 

1648,8 

1716,1 

'7S4,i 

1852,7 

25» 

;-y> 

J35-V 1 
1258,2 

1321,4 

1386,1 

14;',, 

1517,0 

1^83,2 

1649,9 

-'717,3 

1785,2 

1853,8 

J! 

35 

3» 

1322,4 

138^,2 

1432,4 

1518,1;  i-;S4>3- 

1651,'. 

'7 '8,4 

1786,4 

1855,0 

34 

1259,2 

1 323,5 

13SS.3 

1453,^ 

1519,2-!  isS5,+ 

1652,2 

1719,5 

'787,5 

1856,1 

'3*, 

i 

1260,3 

1324,6 

'3^9,4 

1454,6 

1520,3' 15  86.,  5 

l653,3 

'72-,7 

1788,6 

1857,2 

33 

1261,4 

i%*>7 

i39o,4 

''455,~ 

ij-21,4  1587,6 

'654>4 

172.1,* 

i7S9,S 

'858,4 

34 

35 

1262,4 

1326,7 

1.39 1. 5 

14^6,8 

1522, ; 

1588,7 

"1655,5 

1722,9 

1790,9 

i8s9,6 

:  35 

3*3 

1263,5 

1527,S 

1392^ 

'45  7, .9 

1523,6 

if.89,S 

1656,6 

1724,0 

1792,1 

1860,- 

36 

37 

1264,5 

I328.9 

'393,7 

1458,9 

*534,7 

'59  ,9 

16.57*,$ 

1725,2 

1793,2 

1861,9 

37 

3S 

1265,6 

133c,: 

1394,8 

IJjtfOj'c 

1,^,8 

1592,0 

165:8,9 

1:26,3 

1794,3 

186  Ifi 

3s 

39 

1266,7 

T3  5i, 

'395,8 

146',! 

'.5*6,9 

'593,= 

i6fo,o 

!;a7H 

■79i»5 

3864,2 

39 

# 

1267, S 

rj 3-2,1 

J396,o 

1462,2 

1578,0  1^94,] 

1661,] 

'728,6 

1796,6 

'S6S,3 

.ii 

4i 

1 26  8^8 

1333,- 

1398,, 

1463,^ 

3529,1 

'595,4 

1662,2 

1729,7 

'797,8 

)866,<; 

41 

44 

1269,9 

1334,2 

'399,' 

1464,4 

1530,2 

'595,5 

1663,4 

173  ,s. 

'798,9 

1867,6 

4* 

43 

1271,0 

1^54,3 

1400,2 

'46 ',5 

1 53'>3 

1597.6 

1664,5 

1731,9 

1 800,0 

jSt8,8 

43 

44 

1271,1 

i336,4 

•'401,3 

1466,6 

1,32,4 

•598,7 

1665,6 

'73 -,' 

1  So  1,2 

1869,9 

44 

45 

«a73,' 

1337^5 

1402  4 

1467,7 

1533, 5 

1599,8 

1661,7 

■734,2 

1802,3 

'871,1 

45 

46 

1274,2 

'338,6 

'403,4 

ii68,S 

i534,6 

1600,9 

1667,8 

'73  5,3 

'803,, 

,S7,,2 

46 

47 

*  275,3 

'339,7 

'404,5 

1469,8 

r5?r,7 

1602,0 

1660,0 

1736,. 

1804,6 

1873,4 

a 

45 

1276,3 

I340,7 

1405,6 

1470,9 

'536,S 

1603,1 

1670,1 

1737,'- 

iSo:,7 

■874,5 

49 

1277,4 

1341,8 

1406,7 

1472,0 

•537,9 

1604,3 

1671,2 

1738,7 

1806,9 

'8-5,7 

49 

-50 

1278,5 

1 342,9 

1407,8 

;£473>i 

1 5:9.0 

1605,4 

1672,3 

J7J9V' 

_|_8oV 

1876,8 

59 

5' 

■'279,5 

i344.-o 

1408,8 

■474," 

1540,1 

J  6.-6,5 

1673,4 

'74'»o 

18.0,2 

T87s7o 

5  * 

52 

1280,6 

'345, 0 

1409,9 

'47^3 

1541,2 

1607,6 

1674,0 

1742,1 

jSio,3 

lS-T0,l 

5? 

53 

1281,7 

1346,1 

411, 

'476,4 

1 542,3 

'6cS,7 

r675»7 

'-4  3-2 

i8im. 

iS'^o,'. 

53 

54 

JiS2,7 

'"SrfV 

141*,' 

H77,5 

1.543,4 

i6c97S 

1676,- 

'744,4 

1812,0 

ittift 

54 

5I 

i2S3,8 

1 34^,3 

1413,2 

14;8,0 

'i-K.; 

.'610,9 

1678,0 

'74'', ; 

1813,7 

i'8S2,6 

55 

56 

1284,0 

'349.4 

i4'4r 

■479,7 

154., 6 

r6ta,o 

I '.'170,1 

1 7-' 6,6 

iSi4,9 

1883,8 

56 

57 

1286,0 

T35°,4 

'415,4 

.48.  ,8 

1546,7 

1613,' 

i6So,2 

1 -,4-, 8 

l8i6,a 

I S  84,9 

■sl 

53 

1287,0 

•351,? 

1416, 5 

1481,9 

1547,8   '614,2 

1681,3 

'74V 

lSl7,2 

i8S6,i 

58 

Ji. 

_ir3' 

1 352,6 

.-1417,6 

1483  0 

1=4^,9 

i6k,4 

1 68?, 4 
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1    i& 

1  -,50,0 

'81?^ 

lS8^,2 
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: 
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34 
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37 

38 
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D.  1. 
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M.  P. 

M.P. 

M.  P. 

M.  P. 

M.  P. 

M.  P.  !  M.  P. 

M.  P. 

M.P. 

M.P. 

min. 

'    o 

i8837; 

1 9  5  8,0 

2028,4 

299,6 

iJ7',5 

2244,3  2318,0 

2392,7 

2468,3 

2545,0 

o- 

i 

1889,= 

!  9  59,2 

2029,6 

2100,7 

2 '72,7 

2245,5.2319,3 

2393,9 

2469,6 

2546,2 

I 

2 

1890,7 

1960,4 

2030,7 

210. ,9 

2'73,9 

2246, 8_  2320,5 

2395,2 

2470,3 

25+7>5 

2 

3 

1891,^ 

1961, 

2031,9 

2103,1 

2171,1 

2248,0!  23 2. ',7 

2396,4 

2472,1 

2  548,3 

3 

4 

1893,0 

'962,7 

203, 1 

2104,^ 

-2176,3 

2249,2  2323,0 

2397,7 

2473,4 

i55c,i 

4 

<; 

1 894.,  1 

1963,9 

2034,3 

2105,5 

2'7T,5 

225c,4  2324,0 

2398,9 

2  474, 6 

255',4 

5 

6 

l895»3 

'96i»o 

203 ;,  5 

2106*7 

21-8,7 

2251,6.2325,4 

2400,2 

2475,9 

2552,7 

6 

7 

'896,5 

1966,2 

2006,7 

2107,9 

2.80,0 

2252,912326,7 

24O  !  ,4 

247-,  • 

2554,o 

7 

2 

1897,6 

'9 '7,4 

2037,? 

2109,. 

2181,2 

2254,' 

2327,9 

2402*7 

2478,5 

255S,3 

S 

9 

1898,8 

'968,5 

2c39,c 

2IIC,3 

2182,4 

**S5<3 

2329,2 

2403,9 

2479,7 

2556,6 

9 

10 

1899,9 

I9°9,7 

2C40, 

2111,5 

2133,6 

2256,5 

233~,4 

2405.2 

2481,0 

*S57,8 

10 

.  u 

1901,1 

1970,9 

1041,4 

2112,7 

2 1 84,8 

2257,8 

2331,6 

2406,4 

2482,3 

•2559,' 

11 

ii 

1901,3 

1972,0 

2042,6 

2113,9 

2186,- 

2259,0 

2332>9 

24-7,7 

2483,5 

2560,4 

'?• 

*3 

1903,4 

'973,2 

2043,8 

2II-,I 

2187,2 

226c, 2 

2334,i 

2409,0 

2484,8 

2561,7 

*i 

J4 

1904,6 

J9'4,4 

2044,9 

2116,3 

2188,4 

226  .',4 

2335»3 

2410,2 

2486,1 

2563^ 

3 

*5 

I90r,7 

'975,6 

-046,1 

2117,5 

2189,6 

2262,- 

2-30,6 

2411,5 

2487,4 

2564,3 

16 

19.6,9 

'WM 

2047,3 

2IIX,7 

219-,  8 

2263,9 

2337>8 

2412,7 

2488,6 

2565,6 

16 

7- 

1908,1 

'977,9 

2048,5 

2119,3 

2192,0 

2265,1 

2-39>° 

24'4*> 

2489,9 

2566,-0 

17 

18 

1903,2 

'9'9,! 

-2049,7 

2121,0 

2'93,3 

2266,3 

2340,3 

24'',2 

2491,2 

2i68,2 

1* 

'9 

1910,4 

1980,3 

205c, S 

2122,2 

2194,5 

2267,6 

2341.5 

24 1 6, ; 

2492,5 

2569,5 

'9 

'9",5 

•98^,4 

2052. 0 

2'2j,4 

2124,6 

2i9>,7 
2196,9 

2268,-? 

0542,8 

2417,3 

2493,7 

2570,7 

20 

21. 

1912,7 

.982^6 

--;:>'■ 

2270,0 

2344,0 

2419,0 

2495,0 

2572,0 

21 

1913,8 

983,7 

2054,4 

212^,8 

2198,1 

2271,2 

2345,3 

2420,3 

2496,3 

2573»3 

zz. 

19  1  c,o 

.984,9 

2c-;.6 

2127, 

2199,3 

2272,.- 

2346,5 

2421,5 

2497,6 

2574j6 

2S 

*4 

1916,2 

1986,1 

2056,8 

2128,2 

2200,5 

2273,7 

2  547,3 

24-22,8 

2498,8 

2575»9 

** 

25 

«9»T«3 

'9*7,3 

20-8,: 

2-29,4 

22GI,7 

2274,9 

2349,0 

2424,0 

2500,1 

2577,2 

25 

26 

1918,5 

1988,4 

20  =  9,1 

2130,6 

2203,0 

2276,1 

2350,2 

2425>3 

2501,4 

2578,5 

26 

17 

1919/ 

1989,6 

206  ,3 

2-31,8 

2204,2 

2277,4 

235'»5 

2426,: 

2502,7 

2579,8 

*g 

2S 

1920,8 

1990,8 

206  ,5 

2133,0 

2205,4 

2278,6 

2352,7 

2427,8 

2503,9 

2581,1 

tS 

29 

•192  <,Q 

1992,. 

2062,7 

2134,2 

22c6,6 

2279,* 

7  3  54.o 

2429,1 

2505,2 

2582,4 

29 

if_ 

l^liL 

993,' 

2063,9 

21-5,4 

2207,8 

2281,0 

2355.2 

2430.3 

2506*5 

nha 

39^ 

31 

;924>3 

!994,3 

206  , 

2136,6 

22CQ,  . 

T2S2,3 

23 -6,H  2431*6 

2507,8 

2585,0 

31 

3* 

l92c,4 

'995, 

2C66,2 

2'37>i 

22  10,2 

2283,5 

2  3  57,7 

2432,9 

2509,0 

2586,3 

3* 

33 

1926,6 

1996,6 

2067,4 

2139,0 

2211,4 

2284,7 

2353,9 

M34.' 

2510,3 

2587,6. 

33 

34- 

1927,8 

M97»* 

2068,6 

'-140,0 

2212,7 

2  2§6,Q 

2360,2 

243  .-,4 

2511,6 

2588,9 

34 

35 

1928,9 

'999, 

20r'5;S 

2141,4  2213,9 

2287.2 

2361,4 

2436,7 

2512,9 

259o,2 

35 

36 

1930,1 

2000,2 

2071, 

2142,612.215,1 

2288,4 

2362,7 

243">? 

25'4>- 

259i,5' 

36 

37 

'93'>3 

2001,3 

2072,2 

2143,8  2216,3 

2289,7 

23*3,9 

2439,2 

2;i?,4 

2592,8- 

37 

5« 

I93a,4 

2CC2,  : 

2073,4 

2145,0 

2U7,5 

2290,9 

23  6-- ,2 

2440,4 

2516,7 

2594,1 

3* 

39 

19}:., 6 

2003,- 

2074,6 

2146,2 

22l3,7 

2192,1 

2366,4 

244',7 

2518,0 

2595,4 

39 

4* 

'934,7 
r93~,9 

2004,9 
20o6,C 

2076,9 

2147,4  2219,9 

2295,3 

2367,7 

25J9>3 

2536,7 

40 

41 

2148,6.  222  ,2 

2294,6 

2368,9 

2+44,2 

2520,6 

2  598  jo 

4< 

4* 

J937,i 

20D7,2 

2075,1 

2  ,4.9,8 

2222,4 

2295,3 

2370,2 

2445,5 

2521,8 

2599,3 

4? 

43 

.933,2 

200?,4 

2079,-. 

2151,0 

2225,0 

2297,0 

*37'»4 

2446*8 

2523,' 

2600,6 

45 

44 

'939,4 

2009,6 

2o3-,5 

2152,2 

2224,8 

2293,3 

2372,7 

2448,0 

2524,4 

2601,9 

44 

45 

X94C5 

2010,7 

■2081,- 

2226,0 

2299,5 

2  37  3,9 

.2449,3 

2525,7 

2603,2 

45 

46 

194m7 

201 1,9 

2082,0 

2154,6   2227,2 

23-0,7 

2375»2 

2450,6 

2527,0 

2604^ 

^ 

47 

1942,9 

20«3,J 

2084,1 

ziS:,S 

2228,C 

2302,0 

27  7  6*4 

.245  M 

2528,3 

26:5/ 

4* 

1944,0 

2014,3 

2-'8-,3 

2157,0 

2229,- 

2303,2 

■*377,7 

S453,1 

2529,; 

26:7,1    4| 

49 

'94-",2' 

201  r,4 

2086,5 

.2' 58,2 

2230,9 

=  3C4,4 

2378,9 

2454,- 

2530^8 

2608*4]  4-9 

So 

1946,4 

22  l6,6 

i&l?]  V59*4 

2232,1 

230 --,7 

2  3*0, 1 

245j,6 

2532,1 

2io9,7: 

JlL 

51 

?947>5 

20  1",  3 

2088,9-  a  160,7 

"33,3 

2306,9 

*sVn 

2456,9 

2533,4 

2611,0 

s: 

5* 

I948,7 

20l9,O 

.-2090,1!  2:61,9 

2234,6 

2308,1 

2332,6 

2458,1 

2  f  34.7 

2612,3 

--z 

53 

'949,? 

202O,2 

20.91,3,2163,1 

2235,8 

s3-9»4- 

2383,9 

2459>4 

2 '30,0 

2613,6 

5* 

'95',° 

,2021,3 

12492, 512164,3 

22 ',7,0- 

2310,6 

2384,1 

2460,7 

253-, 2 

2614,9 

.4 

55 

1952,2 

2022,5 

2093,7.2165,: 

2238,2 

2311,8 

2386*4 

2461,9 

^53?,5 

2616,2 

si 

S# 

'953»4 

2013,7 

-2G94,9J2i66,7 

-2239,4 

2313,1 

233-,6 

2463,2 

2539^ 

5& 

3 

'9?4o 

2024,9 

2C90,I!2l67i9 

224.0,7 

^314,3 

2388,-9 

2464, ; 

2541,1 

:6i8,8 

57 

19  s  «,7 

2026,0 

2097,3';  2169,1 

2241,9 

231?,; 

2590,2 

2-9',4 

.2465,8 

2-42,4 

2620,1 

55 

5L 
sin. 

>956,9 

m  :  p. 

-2027,2 

:209s,  5;  2  170,3 

•2243,1 

2316*7 

2467,0 

-543, r 

ro02',4 

CC 

M.  K. 
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-22 

.2.3   . 

24 

^5 

26 

27.. 

28 

29 

D. 

min. 

M.  P. 

M..P. 

M.  P. 

M.P. 

M.  P. 

m.  P. 

M.  P. 

M.  P. 

M.  P, 

M.  P. 

m  if 

0 

I225>I 

1289,2 

3353, 7 

1418,7 

14s  4*' 

1550,0 

16 16,; 

1683,6 

1751,2 

'8 '9*5 

0 

I 

1226,2 

1290,2 

1354,8 

H'9,7 

1483,2 

1551,1 

1617/ 

1684,7 

'752*3 

1820,6 

1 

a 

!|2J7>3 

1291,3 

1355,8 

142c, 8 

1486,3 

1552,2 

i6iS,7 

1685,8 

1753*4 

IS2I,7 

2 

§■ 

1228,3 

'292,4 

i356>9 

142  ',9 

1487,3 

3  553*3 

.1619,3 

1686,9 

1754,6 

f822,9 

3 

'4 

1229,4 

tl93*5 

3358,o 

'42  3,'° 

ll488,| 

35"54>4 

'1620,9 

1688,0 

'755*7 

1824,0 

4 

,5 

1 230,4 

1294,5 

'359,0 

'4-4>' 

1489,5 

1555,5 

1622,0 

1689,1 

'756*8 

1825,2 

S 

6 

1231,; 

1295,6 

1360,1 

1425,. 

1490,6 

1556,6 

1623,2 

1690,3 

1758,0 

1826,3 

6 

7 

1232,6 

1*96,7 

i36r,2 

1426,2 

1491*7 

1557,7 

1624,3 

1691,4 

17^9*1 

1827,5 

7 

8 

1233,6 

1297,8 

1362,3 

1427*3 

1492,8 

1558,8 

1625,4 

1692,5 

1760,2 

1828,6 

8 

9 

J234*7 

1298,8 

1363*3 

1428,4 

1493,9 

1559,9 

1626,5 

1693,6 

3761,4 

1829,7 

9, 

■3X>- 

L235,8 

1299,9 

1.364^4 

'429*5 

i495,c 

1565,0 

—U± 

1694,8 

1762,1; 

1830,9 

M 

l^" 

1236,8 

1301,0 

1 3  6  5 . 5 

1430,6 

1496,3 

1562,1 

1628,7 

i695i9 

7763,6 

1832,0 

ii 

i3l 

1237,9 

1302^0 

1366,6 

'43'^ 

149"'*2 

1563,2 

1629,3 

1697,0 

1764,8 

1833,2 

12 

& 

1239,0 

'$9-3,1 

136-7,6 

1432,8 

3498,3 

1564,3 

1631V 

1698,1 

1 765,9 

:  1834,3 

'3 

H 

1240,0 

1304,2 

1362,7 

'433.9 

1499,4 

1565,4 

1632,1 

1699,3 

1767,0 

183  c,5 

14 

35 

i24i,t 

'3°5*3 

'  359,3 

'434,9 

150c ,e 
1501,6 

1566,5 

1633,2 

1700,4 

768,2 

'836,6 

15 

36 

1142,2 

'3c6,3 

i'37^,9 

'430,0 

i567,b 

1634,3 

1701,5 

1769*3 

1857,8 

16 

I? 

1243,2 

'3°7,4 

lZl2:' 

143:,* 

1502,7 

1562,7 

1635,4 

i;02,6 

'770,5 

i83S,9 

'7 

33 

1244,3 

'"30.8,5 

'373,i 

1438,2 

1503,3 

1569,8 

1636,, 

1703,8 

177  3,6 

1840,1 

iS 

39 

IH54 

J309>6 

'374*2 

'459,3 

1504,9 

3  57i*c 

1637,7 

170^9 

'772*7 

1841,2 

'9 

~ao 

1246,4. 

1310,6 

3*75*3 

1440,4 

150b,,- 

1572,-3 
1573*2 

i533,8 

1706,0 

'773*9 

1842,4 

2o, 

*3 

I347,5 

1 3i ',7 

'376*4 

1441,5 

1507,1 

1639,9 

1707,  r 

'77 -v 

i843,5 

21 

2a 

1248,6 

13H,3 

1377,4 

?H4.2,6 

■1508,2 

J5'4*3 

1641,0 

i7oS,3 

:776,3 

1844/ 

22. 

s3 

1249,6 

'3 '3*8 

1378.; 

1443,7   '309,3 

'575*4 

1642,1 

1709,4 

'777,2 

1845,8 

23 

H 

1250,7 

1314,9 

1 J79,6 

■■'444>>' 

1510,4 

'576,5 

1643,2 

1710,5 

'77^,4 

1846,9 

24 

*s 

J25i,S 

1376,0 

13^0,7 

144--, 8 

i5"*5 

'577,6 

i644,3 

17  3  3,' 

'779.5 

184s,! 

25 

26 

1252,8 

i3i-,i 

3381,8 

1446,9 

1512,6 

'5?8r 

i645,5 

'7^2,8 

1780,6 

1849,3 

26 

22 

i2Sl>9 

'3^,i 

1382,8 

1448,0 

i5'3>7 

'579,8 

164b, t 

'71;, 9 

1781,8 

1850,4 

27 

^s 

1255,° 

1319,2 

i38-3,9 

'449,' 

'5'4,>' 

1580,9 

1647,7 

17I5,' 

1783,0 

1851,5 

28 

29 

1250,0 

1320,3 

i3S;,o 

145°*2 

1:15,9 

1582,0 

1648,8 

1716,1 

1784,1 

1852,7 

29. 

3° 

-L2  5",I 
71587 

1321,4 
1322,4 

1336,1 

14AV, 

1517,0 

1583,2 

1649,9 

1717*3 

_J_785,2 
1786,4 

je855,o 

-12- 

~jr 

138M 

1452,4 

i5i8,Iji-;84,3 

1651,' 

17 '8,4. 

3S 

sw 

1159,2 

'323,5 

13SS.3 

1453,^ 

1519,2!  1585,4 

1652,2 

'7*9,5 

1787,5 

1856,1 

3a 

33 

1260,3 

1324,6 

i3S9,4 

1454,6 

1520,3'  1586,5 

i653,3 

172.7,7 

1788,6 

1357,2 

33 

34 

1261,4 

i32v,7 

1390,4 

■'455,- 

i)-2i.,4  1587,6 

''654>4 

3721,? 

'7S9,S 

'858,4 

3+ 

1 

1262,4 

1326,7 

i.39'.5 

14^6,0 

1522,^ 

3588,7 

^655,5 

1722,9 

1790,9 

18^9,6 

35 

'263,5 

1327,3 

i392,ft 

'457,9 

1523,6 

1589,8 

1656,6 

1724*0 

1792,1 

i36o,- 

36 

37 

1264,6 

1328,9 

'393,7 

1458,9 

1524,7 

359  ,9 

i657,S 

1725,2 

'793,2 

1861,9 

37 

33 

1265,6 

133c,: 

1394,3 

1460,0 

1325,8 

1592,0 

1658,9 

,-26,3 

3794,3 

1863,0 

38 

39 

1266,7 

T33i, ' 

'395,8 

r46  i,i 

1.526,9 

3593,2 

i6fo,o 

'727,<! 

'79i>5 

:S64,2 

39 

•40 

1267,8 

'332,i 

J  396^ 
1398,0 

1462,2 
1463,3 

i5?S,o  1504,3 
1529.1  1595,4 

1661,  j 
1662,2 

1728,6 

1796,6 
1797,3 

iS65,3 
•  866,=; 

40 

41 

1268,8 

1333,' 

1729*7 

4^ 

4a 

1269,9 

i334>2 

'399,1 

1464,4 

1530,2 

i596,5 

1663,4 

173  ,3 

1798*9 

1867,6 

4* 

43 

1271,0 

J335,' 

1400,2 

'46-,  5 

i53i*3 

1597.6 

1664,5 

i73i,9 

1800,0 

j868,8 

43 

44 

1271, 1 

i336,4 

:'4°i,3 

1466,6 

1^32,4 

■598,7 

1665,6 

'73:*i 

l3'OI,2 

1869,9 

44 

45 

1273,1 

1337,5 

1402  4 

1467,7 

x533.*5 

1599,8 

1661,7 

■734,2 

1802,3 

1871,1 

45 

46 

.1274,2 

'338,6 

'403,4 

1468,8 

i534,6 

1 600,9 

1667, S 

373  5,3 

'803,. 

•  87,,2 

46 

47 

•275,3 

1339,7 

7404,5 

1469,8 

'5?r*7 

1602,0 

1669,0 

i736,r 

1804,6 

1873,4 

47 

43 

1276,3 

!34°>7 

1405,6 

1470,9 

•5&M 

1603,1 

1670,1 

'737,( 

.805,7 

■874,5 

48 

49 

1277,4 

1341,8 

1406,7 

1472,0 

'537,9 

1 604, 3 

1671,2 

1738,7 

1806,9 

'875,7 

49 

.50 

1278,5 

1342,9 

1407,8 

H73,i 

_i_5j9.o- 

1605,4 

-l6_Z_2z? 

J7J9V 

1808,^ 

1876,8 

5<r 

5* 

r279,5 

i344,o 

1408,8 

•474,2 

1540,1 

i.6b  6, 5 

■673,4 

1741,0 

lS-0,2 

187870 

5» 

52 

1280,6 

i345,o 

1409,9 

'47^,3 

1541,2 

1607,6 

1674,6 

1742,1 

1810,3 

1879,2 

5? 

53 

1281,7 

i346,i 

4'V 

1476,4 

i54?,3 

'608,7 

3675*7 

'743,2 

iSiM- 

i8?o,-, 

53 

54 

1282,7 

134-7,2 

14", ' 

H77,5 

1.543,4 

1609,8 

1G76,- 

■744,4 

i3i2,b 

1881/5 

54 

55 

1283,8 

'348,? 

'413,2 

1478, b 

1 544, 5 

i'6:o,9 

1678,0 

174V 

1813,7 

1882,6 

55 

56 

1284,9 

'349.4 

14  '4, 3 

'479,7 

154., 6 

j6l2,0 

1670,1 

17(6,6 

1814,9 

1883,8 

.36 

57 

1286,0 

i350,4 

"r4i.5,4 

148c ,8 

1546,7 

1613,1 

i6So,i 

I74-.S 

1 3 16,0 

1 S-  84,9 

.57 

58 

1287,0 

'351,5 

'1416,5 

1481,9' 

1547,8   1614,2 

1687,3 

1 748,9 

lSl7,2 

7SS6,i 

58 

59 

J2S8, ' 

.352,6 

.4417,6 

1433  0 

IHX,9 
M.  P. 

1  61  q,4 

IvClv 

1682,4 

!i7p7 

i^0,0 
M.  P. 

.81?^ 

M'.  P.' 

1 S87, 2 

59- 

min. 

M,  P. ' 

M .  P. . 

M.  P. 

"mTpT 

,vi.  !'.    iniii. 
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D/l. 

So 

Vi 

22 

23 

1  M 

tjj 

ii 

27 

w 

29    1 

D.  1. 

MERIDIONAL    PARTS, 

..  8,27,. 

4^7 

D.  1: 

•  30 

_li_ 

■■   11 

•  33 

34- 

35-     )     36  ■• 

37 

38. 

-   39 

D.  1. 

min. 

M.  P. 

M.P. 

M.  P. 

M.  P. 

M.  P. 

M.  P.  1  M.  P. 

M.  P. 

M.P. 

M.P. 

tnin. 

o 

1888^4 

1958,0 

202.8,4 

2-99,6 

2I7«,5 

2244,3  2318,0 

2392,7 

2468,3 

2545,0 

O' 

i 

iSS9,s 

1959,2 

2029,6 

2.100,7 

2.172,7 

2245>5!*3i9,3 

2393,9 

2469,6 

2546,2 

I* 

2 

iSgo,7 

1960,4 

2030,7 

210. ,9 

2173,9 

2246,8;  2320,5 

2395»2 

2470,8 

25+7>5 

2. 

3 

1891,9 

1 96 1, 

2031,9 

2103,1 

217^,1 

4248,0!  2341,7 

2396>4 

2472,1 

2548,8 

3 

4 

iS93,o 

1962,7 

203:,  T 

2104,3 

-4176,3 

2249,2  2323,0 

2397,7 

2473,4 

255°,i 

4 

5 

1894,1 

1963,9 

2034,3 

2105,5 

2177,5 

2250,4  2324,2 

2398,9 

2474,6 

255i,4 

5 

6 

'895.3 

196s, 0 

203 ;, 5 

2lo6;7 

2178,7 

2251,6  2325,4 

2400,2 

247;,9 

2S52.7 

6 

7 

(896,5 

1 9  66,2 

2036,7 

2107,9 

2]8o,C 

2252,9  2326,7 

2401,4 

2477, 1 

2554,o 

7 

s 

1897,6 

'.9  "7,4 

2037,8 

2109, 1 

2181,2 

2254,1 

2327,9 

440-217 

2478,5 

2555,3 

S 

9 

1898,8 

1968,5 

2039,0 

2IIC,3 

2182,4 

22S5,3 

2329,2 

2403,9 

2479,7 

2556,6 

9 

10 

1899,9 

i969,7 

2040; 

2111,5 

2183,6 

2184T8 

2256,5 
2257,8 

j33c>4 
2331,6 

2405.2 
2406,4 

2481,0 

*5S7,8 

10 

■ii 

1901,1 

1970,9 

1041,4 

2112,7 

2482,3 

•2559,1 

it 

*3 

*9°*>3 

1972,0 

2042,6 

2'i3,9 

2186,' 

2259,0 

2332,9 

2407,7 

2483,5 

2560,4 

'  i?' 

1903,4 

x973,2 

2043,8 

2II>,I 

2!87,2 

2260,2 

2334,1 

2409 ,0 

2484,8 

2561,7 

*S 

>4 
*5 

1904,6 

J9"4,4 

2044,9 

2Il6,3 

2188,4 

2261,4 

2335>3 

2410,2 

2486,1 

2563,0 

'\ 

*99i*7 

1975,6 

.2046,1 

.2117,5 

2189,6 

2262,7 

2336,6 

2411,5 

2487,4 

2564,3 

*§ 

16 

77 
18 

19,6,9 

i976,S 

.2047,3 

21  18,7 

219c, 8 

2263,9 

2337,8 

2412,7 

2488,6 

2565,6 

'6 

1908,1 

1977,9 

2048,5 

2119,3 

2192,0 

2265,1 

2339»° 

24H«P 

2489,9 

2566,9 

17 

1903,2 

.1979,' 

-2049,7 

2121,0 

2193,3 

226^,3 

2340,3 

24I-,2 

249  J,2 

2568,2 

1$ 

'9 

1910,4 

1980,3 

2050,8 

■2122,2 

2.194*5 

2267,6 

234M 

2416,; 

2492,5 

2569,5 

'9 

20 

1911,5 

-1981,4 

2052.0 

2124,6 

£S9j>>7 

2196,9 

2268,8 

2342,8 

2417.8 

2419,0 

2493^7 
2495,0 

2570,7 

20 

21 

1912,7 

1982,6 

20  53,.: 

2270,0 

2344,c 

2572,0 

2t 

22 

1913,8 

983,7 

2054,4 

2125,8 

2198,1 

2271,2 

2345,3 

2420,3 

2496,3 

2573,3 

42 

=  3 

19  1  ?,o 

1984,9 

2055,6 

.2127, ..'.. 

2199,3 

2272,-; 

2346,5 

2421,5 

2497,6 

2 5 74,6 

23 

2S 

1916,2 

1986,1 

2056,8 

2128,2 

2200,5 

2273,7 

2347,8 

2422,8 

2498,8 

2S75»9 

** 

19I7»3 

'9^7,3 

20. 8, c 

2129,4 

2201,7 

2Z74,9 

2349,0 

2424,0 

2  500,1 

2577i2 

2S 

20 

1918,5 

1988,4 

20^9,1 

2130,6 

2203,O 

2276,1 

23SC,2 

2425>3 

2501,4 

4578,5 

26 

27 
2S 

19 19/. 

1989,6 

206  ,3 

2'3',8 

2204,2 

2277,4 

235M 

2426,5 

2502,7 

2579,S 

*7 

1920,8 

1990,8 

2o6',5 

2133,0 

2^05,4 

2278,6 

2352,7 

4427,S 

2503,9 

2581,1 

xS 

29 

•192  r,g 

T992,-- 

2062,7 

21 34,2 

2206,6 

•2279,8 

7  3  54,° 

2429,1 

2505,2 

2582,4 

49 

30 

_^9Z3>I 

_92kl 

2063,9 

2i  3  5,4 

2207,8 

228 1, c 

£35  5  g 

2430.3 

25P6,'5 

^583,7 

3P^ 

31- 

J924,3 

'994,3 

206  , 

2136,6 

2209,. 

2282,3 

'?.i'i$f> 

2431,6 

25°7,S 

2585,0 

3i 

I'- 

*925>4 

i995,: 

2066,2 

2137,8 

2210,2 

2283,5 

2.3  57,7 

2432,9 

2509,0 

2586,3 

34 

ll 

1926,6 

1996,6 

2067,4 

2139,0 

2411,4 

*%H>i 

2358,9 

H34^ 

2510,3 

2587,6 

3| 

34 

1927,8 

1997,8 

2068,6 

'-140,2 

2212,7 

2286,0 

2360,2 

2435,4 

2511,6 

2588,9 

34 

35 

1928,9 

'999,- 

2069,8 

2141,4:2213,9 

228.7,2 

2361,4 

2436,7 

25I2,9 

2590,2 

35 

36 

1930,1 

2000,2 

2071,. 

2142,6(2215,1 

2288,4 

2362,7 

2437»9 

2514,2 

259i*5 

36 

37 

]93',3 

2001,3 

2072,2 

2143,8,2216^3 

2289,7 

2363,9 

2439,2 

25i5,4 

2592,8- 

37 

3$ 

I932,4 

2002,; 

2073,4 

2145,0 

2217,5 

2290,9 

.43  6;  ,4 

2440,4 

2516,7 

2594,1 

3« 

39 

T933>6 

2003,7 

2074,6 

2146,2 

22 1 8,  7 

2.292, 1 

2366,4 

2441,7 

4518,0 

2595*4 

39 

4® 

1934,7 

2004,9 

2075,7 

-2147,4  2419,9 

229^,3 

2367,7 

2-H^,o 

25T9»3 

259j6,7 

4P 

4i 

hMS»9 

2Co6,0 

2076,9 

2148,6,  222 -,2 

4294,6 

2368,9 

2444,2 

2520,6 

2598/0 

4^ 

42 

'937,1 

2O07,2 

4078,1 

2)49,8 

2.222,4 

2295,8 

2370,2 

2445,5 

2521,8 

2  599,3 

4? 

43 

1938,2 

2008,4 

2079,3 

2151,0 

2223,6 

2297,0 

237J,4 

2446*8 

2523,' 

2600,6 

45 

44 

'939,4 

2009,6 

2080,5 

2152,2 

2224,8 

2293,3 

2372,7 

2448,0 

2524,4 

2601,9 

44 

45 

i94o,5 

2010,7 

•2081,7 

2.153,4  2226,0 

2299,5 

2373>9 

2449,3 

2525,7 

2603,2 

45 

46 

»94>I*7 

201  j, 9 

4082,9 

2154,6  2227,2 

2300,7 

2375,2 

2450,6 

2527,0 

2604,5 

4<? 

47 

1942*9 

20 1 3,1 

2084,1 

215-, 8 

2228,5 

2302,0 

.43?  6,4 

445 1,8 

2528,3 

4605,8 

W 

4* 

1944,0 

2014,3 

258?,  3 

1157,0 

2229,7 

2303,2 

2377,7 

2453, 1 

2529,; 

26:7,1]  4§ 

49 

i94C,2' 

201  £-,4 

2086,5 

2158,2 

2230,9 

23044 

2378*9 

2454,3 

2530,8 

2608,4 

4S 

50 
5» 

1946,4 

2016,6 

.2087,7 

'-159,4 

2232/1 

2  30  ,,7 

2380,1 

4455,6 
2456,9 

2532,3 

4609,7 

_-L 

?947,5 

*o>7,"? 

2088,9  2160,7 

2233>3 

430659, 

2381,4 

2533,4 

26 1 1,0 

^1 

5* 

1948,7 

2019,0 

;2090,I 

2161,9 

2234,6 

2308,1 

2382,6 

2458,1 

2  5  34,7 

2612,3 

5| 

53 

1949,9 

2020,2 

2091,3 

2163,1 

2235,8 

a 3=9,4 

2.383,9 

2459,4 

4536,0 

2613,6 

55 

54 

1951,0 

2021,3 

Bi*9%i  5 

2164,3 

2237,0 

2310,6 

2385,1 

2460,7 

4537,2 

2614,9 

54 

55 

1952,2 

2022,5 

,2093,7 

2165,5 

2238,-2 

2311,8 
23»3>i. 

2386,4 

4461,9 

:2539-,5 

2616,2 

si 

56 

J953»4 

20i3,7 

■2094,9 

2166,7 

4239,4 

2387,6 

2463,2 

2539,8 

4617,5 

•5| 

5I 

I954,5, 

2024,9 

2096,1 

2167^9 

2240,7 

23H,3 

2388,-9 

4464, 5 

2541,1 

2618,8 

57 

5* 

Wi& 

2026,0 

4097,3 

2.1.69,1 

2241,9 

2315,^ 

2390,2 

2465,8 

-4542,4 

1  i>z  0,1 

si 

5|_ 

nin. 

^95_6>9 
M :  P. 

2027,2 

c209?,-s 

2170,3 

2243,1 

2316^7 

■239  r,4 

2467,0 

-543,7 

'262  T, 4 

_5_9_ 

M.  P. 

M.P. 

m  p. 

M.  P. 

M.P. 

M.  P. 

M.  P. 

M'.  iJ, 

''M.  w 

mi.n, 

-     3Q- 

3* 

.:  2i- 

1  33- 

34 

\  3.5 . 

36 

37 

'   S? 

'■  ir 

£!t 

'428 

MEHIDIO'NAL    PARTS, 

827. 

b.  1. 

40     !     41 

42 

43  : 

44 

45 

46 

47     I     48     |     49 

D. 

min. 

M.  P.  ;  M,  P. 

■M.  P. 

M.  P. 

M.P. 

M.  P. 

M.  P. 

M.P.  j.M.  P.  i  M.P. 

mil 

'  o 

2622,7  2701,6 

278'!  ,7 

2863,1 

2945,7 

3030,0 

YiTfj6 

3202,8 
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3632,9 

373°,7 

3830,8 

3933,3 

4038,3 

4146,1 

4256,8 

437°,  s 

4487,6 
4489,6 

40  ^ 

;i 

353**8 

3634,5 

3732,3 

3832,5 

3935,o 

4040,1 

4T47,9 

4258,6 

4372,5 

41 

j-2 

3  Ho,  3 

3636,1 

3'734,o 

3834,2 

3936,7 

404:,9 

4T49,7 

4260,5 

4374,4 

4491,6 

4a 

^3 

3541,9 

3637,7 

3735,6 

383  5,8 

3938,5 

4043,6 

4151,6 

4262,4 

4376,3 

4493,5 

43 

4 

3543,5 

3639,3 

3737,3 

3837,5 

394o,2 

4'45,4 

4153,4 

4264,3 

4378,2 

4495,5 

44 

^5 

3545i> 

3640,9 

3738,9 
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4281,1 

4395,6 

4513,4 

53 

14 

3559,3 

3655,5 

3753,8 

3854,5 

3957,6 

4063,2 

4i7i,7 

4283,6 

4397,5 

45 1 5,4 

54 

'5 

356o,9 

3657,i 

3755,5 

3856,2 

3959,3 

4065,6 

4173,5 

4284,9 

4399,5 

4517,4   55 

,6 

3562>5 

3658,7 

37J"7,2 

3857,9 

3961,0 

4066,8 

4175,3 

4286,8 

4401,4 
4403,4 

45i9,4j  56- 

7 

3564,i 

3660,4 

3758,8 

3859,6 

3962,8 

4068,6 

4177,2 

4288,7 

4521,4    57 

;S 

3565,-' 

3662,0 

3760,5 

3861,3 

I964,' 5 

4070,4 

4i79,o 

42'9o',6 

4405,3 

4523>4    58 

9_ 

•  in. 

3567,' 

3663,6 

3762,2 

3863,0 

3956,3 

4072,1 

4r8ci8 

4292,5 

4407,2 
M.  P. 

4525,4)   so 

M.  P. 

M.P. 

;m.  p. 

M.P. 

,M.  «. 

M.P. 

(MvP, 

:M.P. 

M.  P.  jmin. 

5° 

■    5«     1 

:  52  i 

'    53 

5* 

5S 

!    *6 

J    57 

1    & 

59 

D.,. 

43* 
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D,  1. 


J3 

*4 

16 

I? 


?4 

3| 

27 

2$ 

_  39 
31 

32 
33 
34 
35 
36 
3-7 
3? 

3? 


M.  P. 

+52.7,4 

4529,4 

+53I>+ 

4533 

4535*4 

4537*4 

4539.4 

454 1* 

4543.4 

45454 

4 '  4?  V5 
4.5-^5 
4553*5 
3iS5/o 
4.57,5 
4i5V*5 
4  •'-1,5 
4563,6 

4;  69,6 
457**6 

457  3,7 
+57  '■>? 
4577*7 
+  579," 

+  5Sj,S 
45s  5*8 

4591,9 

4-93.9 
4596,  .j 
4598,0 
460c,! 
4602,1 
46:4,1 
4606,2 
4608,2 


4J 

4# 

43 

4* 

46 
4i> 

4* 
43 
4* 

is, 
5c 
54 

■ 


4610,3 
4612,3 
4614,3 

4616,4. 
4618,4 

467.0,5 
4622,*;. 
4624,6 
4626,6 

4628,7 

'i'530,7 


6i 

M.  P. 

4649,2 
465^3 
4653*4 
4655*5 
4657>5 
4659,6 


4661,7  478?:S 


466.5,7 

466.5,8 

4667,9 

19,9 

w^ 

4674, -T 
4676,; 
4,678,2 

4680,- 

4'5"z,4 

4684, 

4686,6 

4^8 

4690,7 

mm 

4694,9 

4697,. 

4699,1 

4701,2 

+  7-3 

47°5 

4707*4 

4709*5 

47  "*6 

47  13.7 
47*5-s 
47 '7*9 
4720,0 
4722,1 

47?4.<- 
4726,3 
4728,4 

47  50*5 
4732* 


62 
M.  P. 


4775»° 
4777*1 
4779>3 
4781,4 

47s  3*  5 
4785*7 


4790,0 

479-,  1 
4794*2 
4796,4 


.  63 
M.  P. 


4800,7 
48  2,8 
4804,9 
4807,1 
.4809,2 
4811,4 
4813, 
4S15, 
4817,8 
4820, 
4822,2 
4824,3 
4826,5 
4828,6 
4830.S 
4832,9 
4S35>* 
4S,37*3 
4s  3  9*4 
4841,6 
4S43.S 

4845*9 
4848,1 
4850,3 

4S5^*5 
4854*6 
4856,S 

'*5  48  59*P 
,6  486 J,2 


4734*7 
4736,9 
4739*0 
474**  i 

+743*2 
4745*3 
4747,4 


48"63,3 
4865,5 

4S67,7 
48*9,9 
487*, 1 
4874*3 
4876,4 


4905,0 

4907,2 

4909,4 

4911,6 

4913,8: 

4916,0 

4918,2 

4920,4 

4922,6 

4924,8 

49-7,1 

4929*3 
493i*5 
4933*7 
4935*9 
49  38,i 

424c>4 
49+2*6 
4944.8 
4947,0 

4949,3 

49$I>5 
4953>7 
4956,0 

4958,2 
496:,i 

49.62,7 
4964,9 

4967,1 

4969,4 

4971,6 

4973,9 
4976,1 

4978,3 
4980,6 
4982,8 
498  5*J 
4987*3 
4989,6 
4991,8 
4994*i 


64 
M.  P. 


66 


65 


M.  P.  I  M.  P. 


67 


M.  P. 


4-749*5'  487S,6 
4751,7  4880,8 

€,   47  5v9^s5'2! 

!(4?34*8  fo^*1  4889^1 
■  o  4^a*3M§H** 
,c  4704,414894,0, 
4L4.I,cj;476t',5J489Ci,2; 
46a..j>:;!476£,6J489S^.! 
41 4j-,  < ',  A77o,8|49Qo,6| 
±.6,4.'- '^l a 7 7  : ,0!_4QO2,8 


r~{ 


4996,3 
4998,6 

5000,9 
5003,  x 
.5005,4 
5007,6 
5009,9 
5012,2 

5014*4 
.5016,7 

59i9*o 

5021,2 

5°2j,5 

5025,8 
'5028, 1 
■503c,  3 
;50}2>6 
5934*9 
5037 

M:  P. 


5°39*4 
5°4'*7 
5044,0 
5°4.6,3 
5048,6 
5050,8 
5°53*2 
-^55*5 
5° -^7*7 
5060,0 

£&i 

5064,6" 
5:6j,9 
5069,2 

5O7  T,c 

5=75*8 
5076,1 
5078,4 
5080,7 
5=83,0 

5?85>,3 

5087,7 
5090,0 
5092,3 
5094,6 

5096,9 

5°99 

5'oi,5 

5I03>9 
5106*2 

5110 
5113 

5"5*5 

SU7,8 

5120 

5122,5 

5l24,8 

5'27 

5I29>5 
5131*8 


5J34*' 

■5136,5 

5138*8 

514^2 

5*43 

5*45*9 

5*48,2 

5I50*6 

5'52>9 

5160,0 
5162,3 

5  ^4,7 

5'6;,o 
55:69,4 
5'7J*8 
5*74»i 

ippXs 
M.  p. 


6}     !     62 


5' 78*8, 
5181,2 
5*83*6! 

5.86,0' 
5188,3 

5*90,7 
593>i 

5J95.4 
5*97,8 
5200,2 

5_3_s;2,6 

5205,0 
5207,3 
5209,7 
52)2,1 

52'4*5 
52.6,9 

5219,3 
5221,7 
5224,-1 
5226,5 

5228,9. 
523L3 
5233,7 
5236,1 

5238,5 
5240,9 
5243,3 
5245*7 

524S,i 

52,2,9 

5255*3 
5257*7 
5260,1 
5262,6 
5265,0 
5267,4 
5269,8 
5272,3 
5274,7 

5277>i 
5279*5 
5282,0 

.5284.4 
5286,8 
5289,3 
529',7 
5*94*2 
5296,6 
5299,0 


530!*5 
53°3*9 

530^,4 
53°8,-8 
53 'i,3 
53  ,'3,7 

53*6,2 

53 '8,6 
■M.  P. 


5323,6 
5326,0 
5328,5 
533?*9 
5333*4 
"5335*9 
5338,3 
5340-8 
5343*3 
5  34-,  7 

535°>7 
53S3*2 
5355*6 
5358,' 
5360,6 
5363,1 
5365,6 
5  3 '8, 1 
537°,5 
537»f 

5375*5 
5378,o 
538<?,' 
5383»o 
5385>5 
.5 

539^*5 
5393»o 
539  5*5 
5_398*o 

54PO,5 

54°3*° 

5405,6 

5408, 

5410,6 

54  '3*1 
54i5,6 
54i8,i 
5420,7 

5423,2 


68 


M.  P. 


542  S7 
5428,2 
5430,8 

5433.3 
5455*8 
5438*4 
544o,9 
5443*5 
5446,0 

5448,5 


545M 
5453*6 
54S6,2 

5458,7 
5461,5 

5465, s 

5466,4 
5468,9 

■M:  P. 


6.6 


5474*0 

5476,6 

5479*2 

548i,7 

5484*3 

5486,9 

5489*4 

5492 

5494*6 

5497* ' 

5502,3 
5504,9 
5507,4 

55'o,o 

5512,6 

55 '5*2 

55^,8 

5520,4 

5523 

5525*6 

5528,2 

553o,8 

5533.4 
5536,0 

5538.6 

554!,2 

5543,8 

55+6,4 

55+9. 

555?.6 


5630.9 
5&33,5 
5636,2 

5638,9 

5641, 

5644,2 

.5646,9 
5649,6 

5652,3 
565  ->o 
5657*6 


5554*2 
5556*8 
5559.5 
5562,1 
5^4,7 
5567*3 
5569,9 
5572,6 
5575*2 
5577*8 


558^,5 
5583,1 
5585>7 
5588,4 
559?*o 
5S93.7 
5596*3 

5599'° 
5601,6 

5604,3 


5606,9 
5609,6 
5612,2 

5614,9 
56?7»S 
f  629,2 

5622,9 
5625,5 
5628,2 

IviTi' 


67 


5660,3 

5663,0 

5665,7 

5668,4 

5671* 

5673*8 

5676,5 
5679* 
5681,9 
5684^6 

5687,3 
5690,0 
5692*8 

5695*5 
5698,2 

5700,9 

57°3>6 

5706,3 

5799 
5711*8 

57H*5 
5717*3 
5720,0 

5722,7 

5725*5 
5728,2 

5731 
5733 
5736*4 
^739,2 


69 


M.  P. 


5794,6 

5797>4 

5800,2 

5803,0 

5So<;,8 

5808,6 

58",4 

5814, 

5817*0 

5819,8 

5822,6 


574 ',9 

5744,7 
5747*5 
575°>.2 

5753 

5755*7 

5758,5 

5761,3 

5764,c 

5766,8 


5769*6 
J772,3 
5775,1 
.5777,9. 
57so,7 

■57s3.5 
5/86,7. 

57S9*- 

579JJ8 

M.  P. 


68    . 


5825,4 
5828, 

5S3/,c 

583 

5836,7 

5839, 

58+2,3 

5  84:,  2 

5848,0 

5850*8 

5^S3»7 

5856*5 

5859.3 
5862,1 

5865, 

5867,9 

5870,7 

S873»5 

5876,4 

5879*3 

382,1 

5885,0 
5887,8 
5890*7 
5893.^, 
5896,4 

58*9*3 
5902,2 

5905.1 

59c7.9, 


59!o,8 

59J3 
5916,6 

5919 

592'. 

5925,2 

5928,1 

593J.o 

5933*9 

593^8 


5939*7- 
5942,6, 

594^>j 

5948,5 

595'*4 

5954,: 

59S7>: 
5960,: 

5.96.3.>„ 
M.  P. 


69      P. 
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J.  I. 

min. 
0 

7°     1     7* 

72  , 

73     i    74  . 

75 

76 

77 .  L78 

79 

D.  J. 

M.  P.  |  M.  P. 

M.  P. 

M.  P.J  M.  P. 

M.  P. 

M.  P. 
7210,1 

M.'P. 

7467,2 

M.  P. 

7744,6 

M.  P. 

8045,7 

min« 

7966,0 

6'45>7 

6334,9 

6534,5 

6745,7 

6970,3 

0 

1 

596S,9 

6i4«,8 

6338,1 

6537,9 

6749,4 

6974,2 

7214,2 

7471,7 

7JW& 

805-1,0 

( 

a 

597  r»3 

6151,9 

6341,4 

6  54i,'3 

6753,0 

6978,1 

7218*3 

7476,1 

7754,2 

8056,2 

2 

3 

5974,7 

6155,0 

6344,6 

6  544,7 

6756,6 

6981,9 

7222,5 

7486,6 

7759,o 

8061,  s 

•  3 

4 

5977,7 

6158,0 

6347,8 

6548,2 

67fo,3 

6985,8 

7226,6 

7485,0 

7763,9 

8066,8 

4  ' 

5 

5980,6  6161/1 

63Sr,i 

6551,6 

6763,9 

6989,7 

7230,8 

74S9,5 

7768,7 

8072,0 

5 

C 

5983,5 

6164,2 

6354,3 

6555,° 

6767,6 

6993,. 

7234,9 

7494,0 

7773,5 

8077,3 

6 

7 

5986,5 

6167,3 

6357,6 

6558,5 

677i,2 

6997,' 

7239,1 

7498,5 

777S,4 

8082,6 

7 

2 

5989,4 

6170,4 

6360,9 

6561,9 

6774,9 

7001,4 

7243,3 

7502,9 

7783- 

8o87,9 

3 

9 

5992,4 

6*73,5 

6364,1 

6565>4 

6778,5 

7005,3 

7247,5 

7507,4 

7788,1 

8093,2 

9 

10 
11 

5995.3 

6176,6 

6367,4 

6568,8 
6572,3 

6782,2 

"67Y5T8 

7009,2 

7251,6 

75«>9 

7797,8 

8098,5 
8103"? 

10 

5998j3 

6179,7 

6370,6 

7013,1 

7255,8 

75*6,4 

11 

12 

6001,2 

6182,8 

6373,9 

6575,7 

6789,5 

7017,0 

7260,0 

7520,9 

7802,7 

8109,2 

12 

J3 

6004,2 

6185,9 

6377,2 

6579,2 

6793,2 

7020,-9 

7264,2 

7525,4 

7807,6 

8"4>5 

J3 

14 

6007, r 

6189,0 

6380,5 

6582,^6 

,6796,9 

7024,8 

7268,4 

7530,0 

7812,5 

8119,8 

14 

IS 

6010,1 

6192,1 

6383,7 

6586,1 

6800,5 

7028,7 

7272,6 

7534,5 

78'7,4 

8125,2 

35 

16 

6013,0 

6195,2 

6387,c 

6589,5 

6804,2 

7032,7 

7276,8 

7539,o 

7822,3 

8130,6 

16 

17 

6016,0 

6198,3 

6-3  9°,  3 

6593,0 

6807,9 

7036,6 

7281,0 

7543,6 

7827,2 

8i35,9 

?7 

iS 

6019,0 

6201,4 

6393,6 

6596,5 

■*8ii,6 

7040,5 

7285,2 

7548,1 

7832,2 

8141,3 

1 3 

J9 

6021,9 

6204,6 

6396,9 

6600,0 

6815,3 

7044,5 

7289,4 

7552,7 

7837,' 

8146,7 

19 

10 

6024,9 

6207,7 

6400,2 

6603,4 

6819,0 

7048,4 

7293,7 

7557*2 

7842,0 
7847,0 

8152,1 

to 

21 

6027,9 

6210,? 

6403,5 

6606,9 

6822,7 

70*2,4 

7397,9 

756i,8 

8i57,5 

^1 

22 

6030,8 

6213,9 

6406,8 

6610  4 

6826,4 

7056,3 

7302,i 

7566,3 

7841,9 

8162,9 

22. 

z3 

6033,8 

6217,1 

6410,1 

6613,9 

6830,1 

7060,3 

7306,4 

7570,9 

7856,9 

8i6&,3 

2j 

24 

6036,8 

6220,2 

6413,4 

6617,4 

6833,8 

7064,2 

73'o,6 

7575,5 

786i,q 

8173,7 

24 

z5 

6039,$ 

6«3>3 

6416,7 

6620,9 

6837,6 

7068,2 

7314,9 

758o,i 

7866,8 

8 179,2 

2  5 

26  ' 

6042,7 

6226,5 

6420,0 

6624,4 

6841,3 

7072,2 

73I9,1 

7584,7 

7871,8 

8184,6 

26 

27 

6045,7 

6229,6 

6423,3 

6627,9 

6845,0 

7076,2 

73'23,4 

7589,3 

7876,8 

8  1 90, 1 

2T 

28 

6048,7 

6234,7 

6426,6 

6631,4 

6848,7 

7080,1 

7327,7 

7593,9 

7881,8 

8i95,5 

23 

29 

6051,7 

6235»9 

6429,9 

6635,0 

6852,s 

7084,1 

7332,o 

7598,5 

7886,8 

8201,0 

29 

30 

6054,7 

6239,0 

6433,2 

6638,5 

6856,2 
6860,0 

7088,1 
7092,1 

7336,2 
734o,4 

7603,1 
7607,7 

7891,8 
789~6^8 

8206,5 
8212,0 

J2^ 

3i 

6057,7 

6242,2 

6436,6 

6642,0 

3* 

32 

6060,7 

6245,3 

6439,9 

6645,5 

6863,7 

7096,1 

7344,8 

7612,3 

79oi,9 

8217,5 

32 

33 

6063,7 

6248,5 

6443,2 

6649,1 

6867,5 

7  roo,  1 

7349,1 

7617,0 

7906,9 

8  22  3 ,0 

"33 

.34 

6066,7 

6251,7 

6446^6 

6652,6 

6871,2 

7104,1 

7353,4 

7621,6 

79",9 

8228,5 

"34 

35 

6069,7 

6254,8 

6449,9 

6656,1 

6875,0 

7108,2 

7357,7 

7626,3 

7917,0 

8234, 1 

35 

36 

6072,7 

6258,0 

6453,3 

'6659,7 

6878,7 

7112,2 

7362,0 

7630,9 

7922,1 

82.39,6 

36 

37 

6o75>7 

6261,2 

6456,6 

6663,2 

6882,5 

7116,2 

7366,4 

7635,6 

7927,1 

8245,1 

37 

38 

6078,8 

6264,4 

6460,0 

6666,8 

6886,3 

7120,2 

7370,7 

7640,2 

7932,2 

8250,7 

§8    - 

39 

6081,8 

6267,5 

6463,3 

6670,3 

6890,1 

7124,3 

7375,o 

7644,9 

7937,3 

8*56,3 

39 

t~ 

6084,8 
6087,8 

6273,9 

•6466,7 

6673,9 

6893,8 

7128,3 

7379,4 

7649,6 
7654,3 

794_2,4 
7947,5 

■8261,8 
826/~4 

j|o_ 

6470,01  6677,4 

6897,6 

7*32,3 

7383,7 

41 

J-2 

6:90,8 

6277,1 

6473,4  6681,0 

690 1,4 

7136,4 

7388,0 

7659,0 

7952,6 

827 3  jO 

4* 

*3 

6093,9 

6280,3 

6476,8  6684,6 

6905,2 

7140,4 

7392,4 

7663,7 

7957,7 

8278,6 

43 

U 

6096,9 

6283,5 

64.80,1  6688,1 

6909,0 

7r44,5 

7396,8 

7668,4 

7962,8 

8284,3 

44 

^' 

6099,0 

6286,6 

6483,5  6691,7 

6912,8 

7148,6 

7401,1 

7673,1 

7968,0 

8289/9 

45   ' 

tf 

6103,0 

6289,8 

6486,96695,3 

6916,6 

7152,6 

7405,5 

7677,8 

7973, T 

8295,5 

46 

*7 

6106,0 

6293,6 

6490,3  6698,9 

6920,4 

7^6,7 

7409,9 

7622,6 

7978,2  8301,1 

47 

tf 

6109,1 

6296,2 

6493,6'  6702,4 

6924,2 

7160,8 

7414,2 

7687,3 

7983,4'  8306,8 

4$ 

5-9 

6112,1 

6299,4 

6497,0^  6706,0 

6928,1 

7164,9 

74*8,6 

7692,0 

7988,5;  83 12,4 

49   ' 

50_ 
5* 

6115,1 
6118,2 

-6302,7 
6305,9 

6500,4 
6503,8, 

6709,6 

6931,9 

7169,0 

7423,0 

7696,3 

7993>7lA3I_Sll 

50, 

6713,2 

6935,7 

7173,0 

7427,4 

770i,5 

7998,9 

8323,8 

51 

52 

6121,2 

6309,1 

6507,2]  6716,8 

6939»5 

7i77,i 

743 ',8 

7706,3 

8004,0 

8329,4 

5^ 

53 

6124,3 

6312,3 

'6510,6  6720,4 

6943,4 

7181,2 

74.36,2 

7711,0 

8009,2 

833*5** 

53 

54 

6127,4 

6315,5 

6514,0 

6724,0 

6947,2 

7185,3 

7440,6 

77i5,$ 

'8014,4 

8340,8 

54 

55 

6130,4 

6318,7 

6517,4 

6727,6 

6951,1 

7189,5 

7445,o 

7720,6 

8019,6 

8346,6 

55 

56 

6l33,5 

6322,0 

6526,8 

6731,2 

6954,9 

7*93,6 

7449, 5 

7725,4 

8024,8 

83S2, 3 

T<5 

57 

6136,5 

6325,2 

'6524,2 

6734,9 

6958,8 

7*97,7 

7453,9 

7730,2 

8030,0 

83,8,0 

57  ! 

5S 

6139,6 

6328,4 

6527,6 

6738,5 

6962,0 

7201,8 

7458,3 

7735,c 

8o35,3 

8363,/ 

58 

-2_ 

liin. 

6142,7: 
M.-P.  ' 

63U,7 

'6531,0 

6742,1 

6966,5 

m7p7 

72-5,9 
M.  P. 

7462,:? 

mTpT 

77-9,? 
M.  P. 

8040,5 

8569,5 
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U-L 

8c 

81 

«»., 

83  1 

84 

85 

86 

87 

88 

89 

mm. 

M.  P. 

M.  P. 

M.  P. 

M.P, 

M.  P. 

M.  P.- 

M.  P. 

M.  P. 

M.  P. 

M.P. 

o 

8175»3 

"*73siT» 

WbS 

9605,9 

10137,0 

10764,7 

»*53*»6 

125*2,3 

13916,6 

16299,8 

3 

8381,0 

874S,5 

9 '52,7 

96I4»* 

10146,6 

1077.6,2 

ii547*o 

**S4'*4 

13945,4 

ifi357,5 

2 

8386,8 

8751,9 

9*59*9 

9622,4 

10156,2 

10787,7 

11761,4 

12560,7 

13974*4 

16416,3 

3 

8392,6 

«75*»3 

9167,2 

9630,6 

10165,8 

!Q799,3 

*  1575*9 

12580,0 

14003,7 

16476,, 

4 

8398*3 

8764,8 

9*74,4 

9638,9 

10175,4 

10810,0 

1 1590,5 

I2599,S 

14033,2 

•6537,o 

5 

8404,1 

8771,2 

9181,6 

9647,2 

10 185, ' 

10822,6 

11665,0 

12619,1 

14063,0 

16  94,9 

6 

8409,9 

8777»7 

9188,9 

9655*5 

10104,8 

10834,2 

11619,7 

12638,8 

14093,0 

16662,0 

7 

8415,8 

8784,, 

9196,2 

9663,8 

102=4,6 

10845,9 

»634*5 

12658,6 

14123,3 

16726,2 

8 

8421,6 

8790,6 

9*°3>5 

9672,2 

102:4,4 

10857,7 

i<649*3 

12678,6 

!'4'53,9 

16791,7 

9 

8427,4 

879'/,i 

9210,8 

9680,6 

10224,2 

10869,6 

11664,* 

1*698,6 

14' 84,7 

1685.8,5 

lo 

8433*3 

8803,6 
8810,1 

9218,1 

9689,0 

10234,0 

10881,4 

11679,1 

12738,8 

142J  5,8 

10926,1; 

31 

8439,' 

92*54 

9697,4 

10243,8 

10893,3 

11694,0 

12739,1 

14247,2 

16990,0 

31 

8445,0 

8Si6,6 

9232,7 

9705,8 

t°*53,7 

10965,2 

11709,1 

•2759,5 

14278,9 

17066,9 

33 

8450,9 

8823,2 

9240,2 

97H.2 

10263,6 

10917,2 

11724,2 

12780,0 

143  "o,9 

•7130,3 

*4 

8456,8 

8829,7 

9247,6 

9722,7 

10273,5 

10929,1 

'1739,4 

12800,7 

'4343,2 

17213,2 

*S 

8462,6 

8836,3 

9*55,0 

973',* 

10283,5 

10941,2 

H754,7 

12821,5 

'4375,8 

17288,7 

36 

8468,6 

884a,8 

9262,4 

9739>7 

i«293»5 

•095  3>3 

11770,0 

12842,5 

14408,7 

17366,0 

*7 

8474*5 

8849,4 

9269,9 

974^,3 

10303*5 

10965,5 

11785.4 

2863,5 

14441,9 

17444,0 

3S 

8480,4 

8856,0 

9*77,3 

9756,8 

■10313,6 

10977,7 

11800,9 

12884,7 

'4475*4 

•7525,9 

*9 

8486,3 

8862,6 

9284,8 

9765»4 

10323,7 

10989,9 

11816,4 

12906,0 

•4509,3 

17608,7 

so 

8492,3 

8869,3 

9*92,3 

9774,0 

•0333*8 

HO02,2 

11832,0 

12927,4 

'4543,5 

1769^,6 

21 

8498,2 

8875,9 

9299,8 

9782,7 

10344,0 

11014,5 

1847,6 

12948,9 

•457s»i 

17780,5 

22 

8504,2 

8882,6 

93P7,3 

9791,3 

•0314,1 

11026,9 

"863,4 

12970,6 

14613,0 
14648,3 
14683,9 

17879,9 

a3 

8510,2 

8889,1 

93  *4,8 

9800,0 

•0364,3 

"039,3 

11879,2 

12992,5 

^gfci^ 

24 

8516,2 

8895,9 

9322,4 

9808,6 

i°374,5 

11051,7 

11895,1 

13014,^ 

1805^,8 

*5 

8522,2 

8902,6 

9330,0 

98*7,3 

10384,8 

11064,2 

11911,0 

13036,6 

14719,9 

8152,6 

26 

8528,2 

8909,3 

9337,* 

9826,1 

10395,0 

11076,8 

^ 1927,1 

13058,8 

1475^,3 

•8252,3 

27 

8534*2 

8916,0 

9345,2 

9834,8 

10405,-? 

iio§9,-3 

"943,1 

13081,2 

H793,o 

18354,9 

28 

8540,2 

8922,7 

9352,8 

9843,6 

ic4'5,7 

illO2,0 

•1959,3 

13103,8 

14830,2 

18460,7 

*9 

8  546,2 

8929,5 

936c,4 

9852,4 

10426,2 

11114,6 

11975,6 

13126,5 

14867,8 

'8569,8 

30 

855^3 

8936,2 

9368,1 

9861,3 

10436,6 

in27,4 
11140,1 

"991,9 

13149.3 

14905,8 

18682,5 

31 

8558,4 

8943,0 

9375,8 

9870,1 

10447,1. 

12008,4 

13»72,3 

14944,2 

•  8799,. 

3* 

85-64,4 

S949,S 

9383*5 

9879,0 

*°457,5 

11152,9 

12024,9 

i3i95»: 

14983,0 

18919,7 

33 

857o>5 

8916,6 

939«,2 

9887,8 

10468,0 

"165,8 

12041,5 

13218,8 

15022,3 

'9044,7. 

34 

8576,6 

8963,4 

9398,9 

9896,7 

10478,5 

11178,7 

12058,2 

'3*4**3 

15062,. 

19174*4 

3S 

8582,7 

8970,2 

9406,6 

9905>7 

10489,1 

11191,7 

12074,9 

13265,9 

15102,3 

•93°9,2 

36 

8588,9 

8977,1 

94i4,4 

9914,6 

10499,7 

11204,7 

1209, 7 

13289,7 

i5H3*o 

19449,. 

37 

8595*o 

8983,9 

9422,1 

9923,6 

10510,4 

11217,7 

i2i;8,6 

(33i3,7 

15184,2 

19595,8 

3« 

8601,1 

8990,8 

9429,9 

9932,7 

10521,1 

11230,8 

12125,6 

•3337,8 

15225,8 

19748,6 

39 

8607,3 

8997.7 

9437,3- 

9  94 11, 7 

10531,8 

11244,0 

1*142,7 

13362,1 

15268,0 

19908,5, 

.4° 

8613^ 

9004,6 

9445>6 

9950,8 

10542,6 
•0553*3 

11257,2 

12,59,9 

'3386,6 
13411,2 

•5310,7 

20076,4, 

41 

8619,6 

9011,5 

9453,4 

9959,8 

11270,5 

12177,1 

•5353*8 

10252,5 

42 

8625,8 

9018,4 

9461,3 

9968,9 

10564,1 

11283,8 

12194,4 

13416,1 

15397,8 

20483,3, 

43 

8632,0 

9025,4 

9469,1 

9978,0 

10574,9 

11297,1 

12211,8 

13461,1 

i5442,i 

20635,1, 

44 

8638,2 

9032,3 

9477,0 

9987,2 

10535,8 

ri3io,5 

12229,3 

•3486,3 

15486,9 

20843,5, 

45 

8644,5- 

■9°i9>3 

9484,9 

9996,3 

10596,7 

.11324,0 

12246,9 

13511,6 

15532, b 

21065,4 

46 

8650,7 

.9046,3 

9492,9 
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10607,6 
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13137,0 
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^1302,1, 

47 
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9013,3 
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48 
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49 

8669,5 
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10640,8 
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54 
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15972,1 
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55 
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,9565** 
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10707,7 
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I2'428,0 
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16024,6 
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56 
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(JF     ASTRONOMY. 


SECTION     I. 

Of  Solar  Aflronomy. 

28.  A  STRONOMY  is  a  fcience  which  treats  of  the  motions  and*' 
J~\.  diftances  of  the  heavenly  bodies,   and  of  the  appearances 
ence  arifing, 

1  j  There  have  been  a  great  variety  of  opinions  among  the  philofophers  06 
Id  preceding  ages  concerning  .the  difpofition  of  the  great  bodies  in  the 
hiveife,  or  of  the  pofitions  of  the  bodies  which  appear  in  the  heavens : 
DE  the  notion  now  embraced  by  the  m'oft  judicious  aftronomers,  is, 
tat  the  univerfe  is  compofed  of  an  infinite  number  of  fyftems  or  worlds  ; 
Yi  every  fyfterri  there  are  certain  bodies  moving  in  free  fpace,  and  re- 
viving at  different  diftances.  around  a  Sun  placed  in  br  near  the  centre 
1  the  fyftem ;  and  that  thefe  funs  and  other  bodies  are  the  ftars  which 
ie  feen  in  the  heavens.       , 

1829.  That  fyftem  in  which  our  earth  is  placed,  is  by  aftronomers 
died  the  Solar  system  ;  and  herein  the  notion  of  the  fun  being  fixed 
i  or  near  the  centre,  with  feveral  bodies  revolving  round  him  at  diffe- 
int  diftances,  is  confirmed  by  all  the  obfervations  hitherto  made  :  This 
*uu.ofl  is  called  the  CoFERNICan  system  j  from  Nicholas  Cspernicusy 
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a  Polifh  philofopher,  who  about  the  year  1473  revived  this  notion  from 
the  oblivion  it  had  been  buried  in  for  many  ages.' 

Stars  are  diftinguifhed  into  two  kinds,  namely,,  fixed  and  wandering. 

830.  The  Fixed  stars  are  the  funs  in  the  centres  of  their  fyftem: 
fhining  by  their  own  light  y  and  which  are  obferved  to  prefervc  always 
the  fame  fituations  in  refpedt  to  one  anotherV 

831.  The  fixed  ftars  appear  of  various  fifces,  doubtlefs  occafioned  bj 
their  different  diftances;  thefe  fizes  are  ufually  diftinguifhed  into  fix  oi 
(even  clafles,  called  Magnitudes :  The  largeft,  or  brighter!:,  are  faid  tc 
be  of  the  first  magnitude  j  thofe  in  the  next  clafs,  or  degree  o: 
brightnefs,  are  called  of  the  second  magnitude;  and  fo  on  to  th< 
leaft,  or  thofe  juft  difcernible  to  the  naked  eye:  But  befide  thefe,  there 
are  feattered  throughout  the  heavens  a  great  number  of  other  ftars,  callecf; 
Telescopic  stars,  they  being  only  to  be  feen  through  that  inftru 
ment.  And  indeed,  it  is  to  the  affiftance  of  that  moft  admirable  ma- 
chine, that  a  great  part  of  the  modern  aftronomy  owes  its  rife,  am 
which  will  undoubtedly  tranfmit,  with  the  greateft  honour  to  the  latef 
pofterity,  the  name  of  Galileo,  among  whofe  many  inventions  th( 
telefcope  is  to  be  ranked. 

832.  Altho'  the  vifible  fixed  ftars  are  probably  at  very  unequal  di- 
ftances from  the  centre  of  the  folar  fiyjiem,  yet  aftrpnomers,  for  thei 
eafe  of  computation,  reckon  them  as  tho'  they  were  all  equally  diftan 
from  our  fun,  forming  the  furface  of  a  fphere  inclofing  our  fyftem,  anc 
called  the  Celestial  -sphere  i~  Which  fuppofition  may  be  ftri&l] 
admitted,  conlidering  the  immenfe  diftance  of  even  the  neareft  of  th< 
fixed  ftars. 

833.  A  Constellation  is  a  number  of  ftars  Jying  in  the  neigh 
feourhood  of  one  another  on  the  furface  of  the  eeleftial  fyhere,  and  whicl 
aftronomers,  for  their  eafy  remembrance,  fuppofe  to  be  circumfcribed  b; 
the  outlines  of  fome  animal,  or  other  figure;  whereby  the  motions  0 
the  wandering  ftars  are  more  readily  defcribed  and  compared. 

The  number  of  thefe  conftellations  are  8o^  each  containing  fevera 
ftars  of  different  magnitudes :  The  number  of  ftars  of  each  magnitude* 
and  alfo  the  conftellation  wherein  they  are  ranged,  are  contained  in  th! 
following  table ;  where  it  may  be  obferved,  that  the  conftellations  an 
diftinguifhed  under  three  heads,  namely,  in  the  zodiac,  and  in  the  nor 
thern  and  fouthern  hemifpheres. 
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Constellations   in  the  -Zoisfi-ftrC. 


Names. 
Northern. 


Aries 
Taurus 
Gemini 
Cancer 

>-eo 
Vireo 


46 

94 
75 
91 

93 


Magnitudes 


ii  11;  ivl  v  vl 


3    5 
9=4 

.  8h 

6    861 
nU4tsz 


Names. 
Southern. 


Libra 

Scorpio 

Sagittarius 

Capri  corn  us 

Aquarius 

Pifces 


E 


4* 
4S 

58 

93 

1  go 


Magnitude* 


3  11 

1 
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Northern  Constellations. 

i . .. 

Magnitudes 

it 

-0 

Magnitudes 

Names 

fi 

R 

3 

12 

1 
& 

II 

I 

IV 

4 

V 

3 

VI 

2 

3 
*3 

1 
0 

11 

c 

III  IV 

V 

7 

VI 

11 

Little  Bear 

Camelopardalus 

0 

5 

Great  Bear 

IOS 

0 

5 

5 

16 

10 

49 

Serpent 

So 

0 

1 

7 

6 

5 

3' 

Dragon 

49j 

c 

I 

7 

8 

10 

*3 

Serpentarius 

<>7 

0 

1 

6 

12 

«7 

31 

Cepheut 

40 

0 

0 

3 

7 

10 

20 

Sobie/ki's  Shield 

8 

0 

c 

0 

2 

3 

3 

Greyhounds 

*4 

0 

0 

0 

1 

7 

ib 

Eagle 

29 

1 

0 

5 

1 

4 

18 

tBootes 

si 

1 

0 

7' 

IO 

12 

23 

Antinous 

34 

0 

0 

5 

2 

7 

20 

Mons  Maenalus 

ii 

0 

0 

0 

1 

0 

IO 

Dolphin 

18 

0 

0 

6 

0 

2 

10 

Berenice's  Hair 

24 

c 

0 

0 

6 

3 

IO 

Colt 

ia 

0 

0 

0 

4 

1 

7 

iCharles's   Heart 

1 

c 

I 

0 

0 

0 

2 

Arrow 

13 

0 

0 

0 

4 

1 

8 

Northern  Crown 

11 

c 

1 

0 

6 

3 

I 

Andremeda 

66 

0 

3 

2 

10 

16 

35 

tHercules 

92 

c 

0 

)2 

12 

2S 

40 

Perfeus 

67 

1 

1 

5 

iu 

'4 

36 

Perberus 

9 

0 

0 

O 

3 

I 

5 

Pegafus 

81 

0 

3 

4 

9 

11 
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Number  of  ftars'  in  the    80  conftellations 


As  thefe  ftars  are  found  not  to  alter  their  fituation  in  refpecl  to  one 
nether,  they  ferve  aftronomers  as  fixed  points,  whereby  the  motions  of 
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other  bodies  may  be  compared;  and  therefore  their  relative  pofitip; || 
have  with  great  care  been  fought  after  for  many  ages,  and  catalogues  <  II 
the  obfervations -have  from  time  to  time  been .  published  by  thofe  wh 
have  been  at  the  pains  to  make  them  :  Among  thefe  catalogues,  the  moi  I 
copious,  and,  as  generally  efteemed,  the  beft*  is  that  called  the  Hiftori 

Cele/iisof-¥hAMST.EED. 

837.  The  pofitions  of  the  ftars  being  obtained,  their  relative  place  if 
may  be  delineafed  on  a  fprjere  or  plane,  as  well  as  the  parts  of  the  earth 
by  knowing  their  latitudes  and  longitudes  (662) ;  and  thus  are- the  mapl 
or  charts,  of  the  heavens  made,  and  the  compilations  drawn,  inclofmij 
their  refpeftive  ftars.  There  are  two  maps,  ufually  called  Celeftial he  if 
rnifpheres,  mads  by  Sentxj,  and  others,  that  are  to  be  had  in  many  places!!  j 
by  the  help  whereof,  a  perfon  may*  readily  become  acquainted  with  tb| 
pofitionf,  and  names  of  fome  of  the  principal  fixed  ftars*  thus. 

On  a  clear  night,  let  thefe  prints  be  laid  fo  as  to  correfpond  to  th< 
north  and  Youth  parts  of  the  heavens  j  then  the  obferver  fometimes  look 
jng  on  the  ftars  and  then  on  the  hemifpheres,  will  ^vith  a  little  pra&ici' 
"know  fome  of  the  ftars  in  the  heavens,  whofe  like  pofitions  and  namji 
he  has  obferved  on  the  prints; 

838*  The  Wandering  stars  are  thofe  bodies  within  our  fyftenrJ 
or  celeftial  fphere,  which  revolve  round  the  fun  ;  they  appear  luminowJ 
or  bright,  only  by  reflecting  the  light  they  receive  from  the  fun,  antra 
are  pf  three  kinds,  namely,  primary  planets,  fecondary  planets,  and! 
comets. 

839.  The  Primary  planets  are  thofe  bodies  which,  in  revolving i] 
round  the  fun,  refpedt.  him  only  as  the  centre:  of  their  courfes  j  where- 
in  their  motions  are  regularly  performed  in  tracks  or  paths,  that  are,| 
by  obfervations  found  to  be,  nearly  circular  apd  concentric  to  one  an- 
other. 

840.  A  Secondary  planet,  commonly  called  a  Satellite  oil 
Moon,  is  a  body  which,  while  it  is  carried  round  the  fun,  does  alfo 
revolve  round  a  primary  planet  which  it  rcfpe&s  as  its  centre. 

841.  Comets,  vulgarly  called  Blazing  Jlars,  are  bodies  which  alfoi 
revolve  round  the  fun ;  probably  in  as  regular  order  as  the  planets: 
Their  appearances  near  the  fun  are  very  feldom;  they  are  in  number 1 
about  40,  and  their  tracks  or  courfes  pafs  among  the  paths  of  the  planets  1 
in  a  great  variety:  of  directions. 

842.  The  Orbit  of  a  planet  or  comet  is  that  track  or  path  alongi| 
which  it  moves. 

There  are  fix  primary  planets,  which  reckoned  in  order  from  the 
fun,  their  names  and  marks; are  Mercury  $ ,  Venus  ? ,  theEARTH 
&  or  @,  Mars  <?,  Jupiter  %,  Saturn  T?. 

Mars,  Jupiter,  and  Saturn,  are  called  superior  planets,  as  their 
orbits  include  that  of  the  Earth :  But  Venus  and  Mercury,  whofe  orbits 
are  contained  within  the  Earth's,  are  called  inferior  planets. 

843.  There  are  found,  by  observations  wjth  tejefcopes,  to  be  ten  ft* 
condary  planets ;  the  Earth  15  attended  by  one  called  the  Moon,  Jupiter 
by  four,  and  Saturn  by  five. 

jSaturn  is  ajfo  obferved  to  have  a  kind  of  circle,  called  his  Ring* 
which  furrounds  the  planet  at  fome  diftance  from  his- furface  :•  And  ju-- 
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»r  has  certain  appearances,- which  feem*  like  zones  or  girdles  round 
m;  and  thefe  are  called  Jupiter's  belts;         >•- 
Every  primary  planet  is  fuppofed  to  have  two- motions,  namely,  an? 
til  and  diurnal.    ;  -'■    ■ 

344.  The  annual  motion  of  a  planet  is  that  whereby  the  planet 
carried  in  its  orbit  round  the  fun  ;  which  in  every  one  is  found  by 
►ervation  to  be  from  weft  to  eaft. 

This  motion  is  difcovered  by  the  planets  changing  their  places  in  the 
j;ftial  fphere,  upon  whofe  furfaee  they  appear  to  move  among  the 
bd  ftars;  and  in  certain  times  return  to  the  fame  ftars  from  whence 
fcy  were  feen  to  depart ;  and  fo  on  continually. 
ty.5.  The  diurnal  motion  of  a  planet  is  that  by  which  it  turns 
nipins  about  its  axis,  and  is  alfo  from  weft  to  eaft. 
Phis  motion  is  difcovered  by  the  fpots  that  are  feen  by  telelcopes"  on 
h  furfaces  of  the  planets  :  Thefe  fpots  appear  firft  on  the  eaftern  mar- 
;i,  or  fide  of  the  planet,  and  gradually  move  from  thence  acrofs  it,  till 
h>  difappear  on  the  weftern  fide,  or  limb  ;  and  after  a  certain  time  ap- 
«•  again  on  the  eaftern  fide,  and  fo  on. 

46.  Each  planet  is  obferved  always  to  pafs  thro'  the  conftellations 
f  ?j,  Taurus,  Gemini,  Cancer,  Leo,  Virgo,  Libra,  Scorpio,  Sagittarius^ 
uricornus,  Aquarius,  Pifces ;  and  it  alfo  appears  that  every  one  has  a 
r;lc  peculiar  to  itfelf  j  whereby,  the  paths  of  the  fix  planets  form  among 
feftars  a  kind  of  road,  which  is  called  the  Zodiac,  the  middle  path 
vreof,  called  the  Ecliptic,  is  tlje  orbit  defcribed  by  the  Earth,  with 
rich  the  orbits  of  the  other  planets  are  compared, 
lis  the  ecliptic  runs  thro'  twelve  conftellations,  it  is  fuppofed  to  be 
Wed  into  twelve  equal  parts,  of  30  degrees  each,  called  figns,  having 
■fame  names  with  the  twelve  conftellations  they  run  thro'. 
I47.  The  Plane  of  the  Ecliptic  is  fuppofed  to  divide  the  celeftial  fphere 
II  two  equal  parts,  called  the  northern  znd  fouthern  celeftial  hemifpheres  ; 
■any  body  in  either  of  thefe  hemifpheres  is  faid  to  have  north  or 
li  latitude,  according  to  the  hemjfphere  it  is  in :  So  that  the  lati- 
i»e  of  a  celeftial  object  is  its  neareft  diftance  from  the  ecliptic. 

"he  Planes  of  the  other  five  orbits  are  obferved  to  lie  partly  in  the 
frfiern  and  partly  in  the  fouthern  hemifphere;  fo  that  every  one  cuts 
!|eecliptic  in  two  oppofite  poipts,  called  Node?  :  One  called  the 
■ending  node,  is  that  thro'  which  the  planet  pafTes  when  it  moves 
■of  the  fouthern  into  the  northern  hemifphere ;  and  the  other  called 
■Descending  node,  is  that  tfyro'  which  the  planet  muft  pafs  in 
<$*  out  of  the  northern  intp  trie  fouthern  hemifphere. 

he  right  line  joining  the  two  npdes  of  any  planet;,  is  called  the  Line 

iPTHE  NODES.  f  \' 

i.8.  The  names  to  moft  of  the  conftellations,were  given  by  the  an- 
If.  afjroijomers,  who;  reckoned  that  ftar  in  Aries,  now  marked  y,  (ac- 
orngto  Bayer)  to  be  tJb.e  firft  point  in  the  ecliptic,  this  -ftar  being 
^  the  fun  whefi  Jie  entered  the  Vernal  equinox  (633)  ;  and  at  that 
im  each  conftellation  was  in  the  fign  by  which  it  was  called;  But  ob- 
?ntions  fhew,  that  the  point  marked  in  the  1  heavens  by  the  Vernal 
?u>ox  has  been  conftantly  going  backwards  by  a  fmall  quantity  every 
e*  whereby  the  ftars -appear  to  have  advanced  as  much  forwards ;  fq, 
'  "     '  r  that 
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that  the  conftellation  Aries  is  now  almoft  removed  into  the  fign  Tat, 
the  faid  firft  ftar  y  being  got  almoft  30  degrees  forwards  from  the 
no*;  which  difference  is  called  the  Precession  of  the  equino 
whereof  the  yearly  alteration  is  about  50  feconds  of  a  degree,  or  a 
a  degree  in  72  years. 

849.  It  was  (aid  in  art.  839,  that  the  planets  revolved  round  the 
in  orbits  nearly  circular  and  concentric ;  for  the  feveral  phaenor  A| 
arifing  from  their  motions  mew  they  are  not  ftri&ly  fo ;  and  the  I 
curve  they  can  move  in,  to  reconcile  all  the  various  appearance  it 
found  to  be  an  Ellipsis  (vulgarly  called  an  oval) :  Which  is  a  c  ye 
that  cannot  like  the  circle  be  defcribed  on  a  plane  from  one  ce:  .?, 
but  requires  two;  about  which  two,  if, there  be  moved  a  ftretlU 
doubled  thread,  whereof  each  of  the  two  folds  is  longer  than  th<  i- 
ftance  of  the  two  centres,  the  bight  or  loop  of  the  thread  will  by  j:h 
motion  defcribe  the  curve  called  the  Ellipsis.  The  clofer  the  «  re 
pins  are  brought  together,  the  nearer  will  the  ellipfe  approach,  a 
circle  j  fo  that  when  the  centre?  coincide,  then  a  circle  will  be  defer  y.i 
by  the  motion  of  the  thread. 

The  two  centres  of  the  ellipfe  are  called  Focus's  :  A  right  line  dr  ft 
fchro*  the  two  focus's,  and  terminated  at  each  end  by  the  curve,  is  c;  « 
the  Tranfveffey  or  longer  diameter :  Another  right  line,  drawn  at  1 
angles  to  the  tranfverfe  diameter  thro'  its  middle,  and  terminated  bj 
curve,  is  called  the  Conjugate  diameter:  The  interferon  of  the 
diameters  is  called  the  Centre  of  the  ellipfe ;    and  the  diftance  of '  1 
centre  from  either  focus  is  called  the  Excentricity. 

850.  All  the  planets  have  one  common  focus,   in  which  the  fu. 
placed:  For  as  no  other  fuppofition  can  folve  ail  the  appearances  that 
obferved  in  the  motion  ct  the  planets,  and  as  it  alfo  agrees  with' 
ftricleft  phyfical  and  mathematical  reafoningj  therefore  it  is  now.  ;j 
ceived  as  an  elementary  principle. 

851.  The  Line  of  the  nodes  of  every  planet  panes  thro'  the  fun :  >1 
as  the  motion  of  every  planet  is  in  a  plane  pafiing  thro'  the  fun,  (J 
fequently  the  interferons  of  thefe  planes,  that  is  the  lines  of  the  noil 
muft  alfo  pafs  thro'  the  fun. 

852.  All  the  planets  in  their  revolutions  are  fometimes  nearer,  fo 
times  farther  from  the  fun  :  This  is  a  confequence  of  the  fun  not 
ing  placed  in  the  centre  of  each  orbit,  and  they  being  ellipfes, 

853.  The  Aphelion,   or  Superior  apsis,  is  that  point  of'! 
orbit  where  the  planet  is  fartheft  from  the  fun  :  And  the  PeRIHELI 
or  Inferior  apsis,  is  that  point  where  it  is  neareft  the  fun  :  And 
tranfverfe  diameter  of  the  orbit,  or  the  line  joining  the  two  apfes 
called  the  Line  of  the  apses,  or  apsides. 

854.  The  planets  move  fafter  as  they  approach  the  fun,  or  o 
nearer  to  the  perihelion,  and  flower  as  they  recede  from  the  fun. 
come  nearer  the  aphelion  :  This  is  not  only  a  confequence  from  the 
ture  of  the  planets  motions  about  the  fun,  but  is  confirmed  by  all  g 
obfervations. 

855.  If  a  right  line  drawn  from  the  fun  thro'  any  planet,  and  ca 
by  fome  the  Veclor  radius,  be  fuppofed  to  revolve  round  the  fun  1 
the  planet,  then  this  line  will  defcribe  or  pafs  thro'  every  part  of 
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fine  of  the  orbit;  fo  that  the  vector  radius  may  be  faid  to  defcribe  the 
aj;a  of  the  orbit. 

856.  There  are  two  chief  law:  obferved  in  the  folar  fyftem  which 
rulate  the  motions  of  all  the  planets  j  namely, 

I.  The  planets  defcribe  equal  areas  in  equal  times :  That  is,  in  equal  por- 

tions of  time  the  "jeclor  radius  defcribes  equal  areas  or  portions  of 
the  fpace  contained  within  the  planet's  orbit. 

II.  The  fquare s  of  the  periodical  ti?nes  of  the  planets  are  as  the  cubes  of 
their  mean  diflances  from  the  fun  :  That  is,  the  fquare  of  the  time 

•   ■  which  a  planet  a  takes  to  revolve  in  its  orbit,   is  to  the  fquare 
■    of  the  time  taken  by  any  otner  planet  b  to  run  thro'  its  orbit;  fo 
is  the  cube  of  the  mean  diftance  of  a  from  the  fun,  to  the  cube 
of  the  mean  diftance  of  b  from  the  fun. 

157.  The  Mean  distance  of  a  planet  from  the  fun,  is  its  diftance 
frnhim  when  the  planet  is  at  either  extremity  of  the  conjugate  diame- 
t<;  and  is  equal  to  half  the  tranfverfe  diameter. 

■J58-  The  foregoing  laws  are  the  two  famous  laws  of  Keplei{,.  a 
Jiat  aftronomer,  who  flourished  in  Germany  about  the  beginning  of 
0!  17th  century,  and  who  deduced  them  from  a  multitude  of  obferva- 

iis :  But  the  firft  who  demonftrated  thefe  laws  was  the  incomparable 

.'Isaac  Newton. 

By  the  fecond  law,  the  relative  diflances  of  the  planets  from  the  fun 

1  known ;  and  was  the  real  diftance  of  any  one  known,  the  abfolute 

tnces  of  all  the  others  would  thereby  be  obtained. 
59.  Every   thing  already  faid  of  the  planets,  is  found  in  a  great 
iwtfure  to  be  applicable  alfo  to  the  comets,  as  well  from  the  obfervati^ 
oi  that  have  been  made  of  them,  as  from  the  phyfical  and  mathematical 
C(fiderati9ns  of  their  motions. 

60.  Was  the  motions  of  the  planets  to  be  obferved  from  the  fun, 
ta  of  them  would  be  ever  feen  to  move  the  fame  way,  though  with 
disrent  velocities ;  thofe  nearer  the  fun  running  their  courfes  thro'  the 
niac  in  lefs  time  than  thofe  at  greater  diftances  :  And  hence  it  Would 
bft>en,  that  fome  of  them  overtaking  of  the  others  would,  in  their 
p<ing  by  them,  appear  to  be  fometimes  above,  fometimes  below,  and 
foetimes  as  if  they  touched  one  another,  according  to  the  parts  of 
thorbits  thofe  planets  happened  to  be  in  with  refpedt,  to  their  nodes, 

61.  When  two  planets  are  feen  together  in  the  fame  flgn  equally 
Winced  therein,  they  are  faid  to  be  in  Conjunction:  But  when 
*7  are  in  direct  oppofite  parts  of  the  zodiac,  they  are  faid  to  be  In  Of- 
!'(ition. 

62.  As  the  planes  of  the  orbits  are  inclined  to  one  another,  therefore 
w:n  two  planets  happen  to.  be  in  conjunction  at  the  time  they  come 
tie- their  nodes,  they  would  be  feen  from  the  fun  apparently  to  touch 
or:  another;  and  the  far  theft  of  thofe  planets  from  the  fun  wou!4  for 
to:e  time  have  its  light  obfcured  by  the  nearer  planet,  it  being  then  di- 
re ly  between  the  fun  and  the  remoter  planet.  Alio,,,  mould  ,an  oppo- 
-itn  of  two  planets  happen  near  their  nodes,  the  fun  being  then  di- 
ll redly 


44& 


ASTRdNOMY. 


rectly  between  them,  would  hide  the  light  of  one  from  the  other.  t 
thefe  obfcurations,  or  interceptions  of  the  light  of  the  planets  one  f 
the  other*  are  called  Eclipses. 

863.  The  place  that  any  planet  appears  to  occupy  in  the  cele 
fphere,  when  feen  by  an  obferver  fuppofed  in  the  fun,  is  called  its  / 
acentric  place :  And  indeed  all  cfeleftial  appearances,-  as  feen  from  the  1 
are  called  Heliocentric  pbanomena. 

864.  The  following  table  exhibits  at  once  fome  of  the  moft  m 
rial  conclufions  that  have  been  deduced  from  the  obfervations  hithi 
made,  the  mean  diftance  of  the  earth  from  the  fun  being  reckon© 
1600* 
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865.  By  all  the  obfervations  made  on  the  fecondary  planets,  it : 
pears, 

ift.  That  the  fafellites  revolve  round  their  fuperior  planets  from  v 
to  eaft,  in  curve  lined  orbits  like  ellipfes,  the  primary  planet  being 
the  focus,  and  one  of  the  orbit's  diameters  directed  towards  the  fun. 

2d.  The'  planes  of  the  fatellites  orbits  are  inclined  to  the  plan© 
their  refpecYiVe  planet's  orbit. 

3d.  That,  like  the  primary  planets,  they  describe  equal  areas  in  e<p 
times ;  and  the  fquares  of  the  times  of  their  revolutions  are  as  the  cib 
of  the  diftances  from  theif  primary  planet. 

As  the  orbits  of  the  fecondary  planets  fdrround  their  primary,  tW 
fore  in  every  revolution  of  a  moon  it  muft,  in  refpecT:  to  it's  print* 
arid  the  fun,  be  twice  in  conjunction,  and  may  be  eclipfed  in  eit 
cafe,  according  as  the  moon's  nodes  happen  to  be  poiited'  at  thofe  tinn 
For  the  planes  of  a  mood's  orbit  is  inclined  to  that  of  its  primary,  1 
fo  makes  two  nodes ;  in  whofe  line,  whenever  the  fun,  planet  : 
moon  happen  at  the  fanie  time,  there  muft  be  an'edipfe';  which  WO 
occur  at  every  conjunction,  but  for  the  inclination  of  the  Orbit. 

One  of  the  conjunctions,  namely  that  made  by  the  moon's  gonial 
yond   the  primary,  is  called  the  SuPi*R?OTi  edtfjUNrc'ridN ;:  arid 
other,  made  by  the  fatellite  on  that  fido  of  the  plandt  next  tfte  fait, 
called  the  Inferior  conjunction1/ 
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The  following  table  fhews  the  times  taken  by  each  fatellite  in  its  re- 
'ution  j    and  alfo  its  diftarice  from  the  primary  in  femidiameters  there- 
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Bt  from  Saturn 
Jl'iter'i  fatellite? 
D:.  from  Jupiter 
T:  Moon 


d       h  m 

i  21  iSf 
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*9  12>  44*V, 
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2  17  41-] 
1 1 1  f.diam 

3*3   1  Si 
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4   12   254 

1 5  f.diam. 

1 441.  diam. 


d      ti  in 

15  22    4'i| 

36  f.diam. 

16  ?  8     5^- 
25-jf.  diam 


79.   7     4s 
1 08  f.diam. 


and  is  dift.  from  the  earth  604  femidiameters. 


3  7.  Of  the  figure  and  light  of  the  Planetu- 

"hat  the  furi  arid  planets  are  fpherical  bodies,  is  evident  from  all  the 
bhrvations  that  have  been  made  of  them  ;  and  that  the  earth  is  of  like 
lire,  is  not  only  deduced  by  analogy*  but  fufnciently  confirmed  by 
Hrrvation  (553,  713).  -  Now  altho*  aftronomefs  generally  fay  that  the 
feets  are  fpherical,  yet  they  do  not*  mean  a  Geometrical  fphere,  but 
■pure  called  an  oblate-fpheroid,  which  is  fomething  like  the  figure 
m  a  flexible  fphere  would  be  formed  into  by  gently  prefling  it  at  its 
■:s:  Obfervations  have  determined  this  in  Jupiter,  and  it  is  known 
h  the  earth  Is  of  this  figure  "both' from  obfervations  and  a&ual  menfu- 
-aon. 

"hat  the  planets  muft  have  this  oblate  figure,  is  evident  from  this! 
■fideration  ;  that  as  they  are  of  matter,  and  violently  whirled  on  the^r 
■;,  all  the  parts  would  endeavour  to  fly  ofF,  like  water  from  a  trundled 
,w,  thofe  in  the  equator  moving  fwifteft,  have  the  gfeateft  ten- 
■by  to  depart :  And  altho'  the  parts  are  retained  in  the  fphere  by  the 
Wrior  force  of  gravity,  yet  the  equatorial  diameters  will  be  fomewhat 
■leafed*  and  the  polar  leffened,, 

468.  The  planets  are  all  opake  of  da"fk  bodies,  and  confequentty 
lie  only  by  the  light  they  receive  from  the  fun  :  This  is  known,  by 
■rving  that  thofe  bodies  are  not  vifrble  when  they  are  in  fuck  parts  of 
m  orbits  as  are  between  the  fun  and  earth,  or  partly  fo,  Now  as 
Kh*e  planets  appear  with  a  ftrong  light,  therefore  the  ra.ys  they  re- 
ap from  the  fun  muft  convey  to  them  a  degree  of  warmth  proporti- 
on in  fome  meaftfre  to  their  distance,  which  is  reciprocally  as  the 
■res  of  the  diftances,  and  this  miift  be  readily  inferred:  from  Che  heat 
■:h  the  inhabitants  of  the  earth  receive  from  the  fun. 

Tk>9'  As  a  planet  revolves  on  its  axis,  every  part  of  its  furface  will 
turned  towards  the  fun,  and  thereby  enjoy  its  light  and  heat. 
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SECTION    II. 

Of  1'erreftrial  Afironomy, 

870.  The  motions  defcribed  in  the  preceding  feclion  were  fuc 
would  appear  to  an  obferver  viewing  the  heavens  from  the  fun  : 
was  he  placed  in  one  of  the  planets,  fuppofe  the  Earth,  and  there 
ferved  the  motions  of  the  reft,  it  would  appear  to  him  that  the  fun, 
other  planets,  revolved  round  the  earth  as  a  centre ;  but  the  (xxn  w 
be  the  only  one  that  moved  uniformly  the  fame  way :  For  the  c 
planets  would  feem  to  move  fometimes  from  weft  to  eaft,  and  the. 
irand  ft  ill;  then  they  would  feem  to  run  from  eaft  to  weft,  and  J 
ftanding  fome  time  they  would  again  move  from  weft  to  eaft,  ar 
on  continually. 

871.  The  place  in  the  celeftial  fphere  that  any  planet  appears  in,  % 
feen  from  the  centre  of  the  earth,  is  called  its  Geocentric  pla* 

872.  The  Direct  motion  of  a  planet  is  that  by  which  it  apj 
to  move  from  Weft  to  eaft,  and  this  motion  is  faid  to  be  according  t 
order  of  the  fgns,  or  in  confequentia.  When  the  planet  appears  to  1 
ftill,  it  is  faid  to  be  Stationary;  and  when  its  motion  is  a 
rently  from  eaft  to  weft,  it  is  then  called  Retrograde,  or  li 
motion  in  antecedentia,  or  contrary  to  the  order  of  the  figns.  7 
different  appearances  follow  partly  in  confequence  of  the  obferver  1: 
himfelf  in  motion  while  he  is  viewing  thofe  of  the  planets,  and  p 
becaufe  he  is  not  in  the  centre  of  the  motions  which  he  obferves. 

873.  The  phenomena  of  the  Inferior 'planets.     See  Fig.  1.  Plate 

Let  aec  reprefent  an  arc  of  the  celeftial  fphere;  eop  the  earth' 
bit;  lnig  the  orbit  of  an  inferior  planet,  as  of  Venm\  and  s  the 
Let  the  earth  at  firft  be  fuppofed  to  ftand  ftill  in  its  01  bit  at  e  :  No 
]$  evident  that  the  fun  will  appear  at  the  point  b,  and  the  planet  ah 
within  the  arc  AC.  Whilft  the  planet  moves  in  its  orbit  from  I  1 
<2_to  n,  it  will  feem  to  move  from  b  to  A  in  confequentia :  But  pai 
from  n  to  L,  it  will  feem  to  an  eye  at  e  to  return  back  from  At 
or  be  retrograde.  While  the  planet  is  at  or  near  the  point  N,  being 
twixt  moving  on  from  b  to  a,  and  returning  from  a  to  b,  and  moi 
as  it  were  in  a  right  line  towards  the  earth,  it  will  for  fome  time  r 
to  ftand  ftill  near  a,  that  is,  to  be  Jiationary. 

874.  When  the  planet  is  in  that  part  of  her  orbit  N  or  G,  whic 
contiguous  to  the  tangent  EA  or  EC,  fhe  will  then  appear  at  a  0 
her  greateft  diftance  from  the  fun,  and  is  faid  to  be  in  her  greatei 
IONGATION  :  This  elongation  is  meafured  by-  the  angle  seg. 
more  diftant  a  planet  is  from  the  fun,  the  greater  will  its  angle  of  < 
gation  be  ;  that  of  Venus  is  about  48  degrees,  and  of  Mercury  a 
28  degrees. 

In  the  fpace  of  a  revolution,  the  two  inferior  planets  will  with  re: 
to  the  earth,  undergo  two  conjunctions ;  one  when  it  is  beyond  the  ft- 
1,  the  other  when  it  is  at  l  between  the  fun  and  the  earth ;  the  fo) 
is  called  the  fuperlor,  and  the  latter  the'  inferior  conjunction. 
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875.  Whilft  Venus  goes  from  her  fuperior  conjunction  {he  appears  in 
t;  arc  ab,  always  to  the  eaftward  of  the  fun,  and  therefore  fets  fome 
tie  after  the  fun,  and  is  called  the  evening  Jiar :  But  during  the  time 
f:  is  going  from  her  inferior  to  her  fuperior  conjunction,  fhe  will  be 
In  fomewhere  in  the  arc  bc  to  the  weftward  of  the  fun,  and  fo  will  fet 
tore  him  in  the  evening,  and  rife  before  him  in  the  morning;  hence 
(;  is  called  the  morning  Jiar. 

Hitherto  the  planet  only  has  been  fuppofed  to  move  while  the  earth 
itod  ftill :  But  when  both  move,  the  foregoing  phenomena  will  be  much 
I  fame,  only  the  planet  will  be  more  direct  in  the  fartheft  part  of  the 
o'»it,  and  lefs  retrograde ;  the  former  arifing  from  the  fum  of  their 
p.itiotfs,  and  the  latter  from  the  difference. 

c6.  Of  the  phenomena  of  the  Superior  planets. 

The  direff)  Jlationary  and  retrograde  motions  of  the  fuperior  planets 
a  explained  much  after  the  fame  manner  as  thofe  of  the  inferior  ones, 
1:  with  thefe  differences, 
[ft.  The  retrograde  motions  of  the  fuperior  planets  happen  oftner  the 
,ver  their  motions  are,  as  the  retrogradations  of  the  inferior  planets 
>pen  oftner  the  fwifter  their  angular  motions  :  Becaufe  the  retrograde 
lions  of  the  fuperior  planets  depend  upon  the  motions  of  the  earth, 
thofe  of  the   inferior  on  their  own   angular  motions.     A  fuperior 
net  is  retrograde  once  in  each  revolution  of  the  earth,  an  inferior  one 
very  revolution  of  its  own. 
id.  The  fuperior  planets  do  not  always  accompany  the  fun  as   the 
;rior  do,  but  are  often  in  oppofition ;  which  neceflarily  follows  from 
orbit  of  the  earth  being  included  within  the  orbits  of  the  fuperior 
ijaets. 

7.  Of  the  apparent  Motion  of  the  Sun. 

\s  a  fpe&ator  in  the  fun  would  fee  the  earth  revolve  thro'  the  figns 
Irjthe  ecliptic,  fo  to  a  fpedtator  in  the  earth,  the  fun  apparently  revolves 
if  fame  way,  but  is  always  in  the  oppofite  point  of  the  ecliptic  :  (For 
its  well  known  to  every  one,  efpecially  to  thofe  who  ufe  the  fea,  that 
ii:d  objects  appear  to  change  their  place  by  the  motion  of  the  obferver) : 
ij  that  the  heliocentric  place  of  the  earth,  and  the  geocentric  place  of 
t\  fun,  are  always  in  direct  oppofite  points  of  the  ecliptic. 

^Jow  altho'  it  is  the  motion  of  the  earth  that  really  caufes  a  great 
Kety  in  the  apparent  motions  of  the  other  planets  j  yet  as  that  of  the 
fu  being  known,  gives  that  of  the  earth,  therefore  it  is  that  aftrono- 
Sjrs  fpeak  of  the  motion  of  the  fun,  and  in  their  computations  ufe  the 
tjintities  of  thofe  motions  as  if  they  were  real. 

I78.  Befide  the  various  appearances  that  arife  from  the  annual  motion 
oithe  earth,  there  are  many  refulting  from  its  diurnal  motion :  For 
It  the  earth  has  a  daily  motion  round  its  axis,  muft  neceffarily  be  in- 
feed  from  the  moil  ftrict  reafoning  on  the  motions  of  the  planets :  Be- 
m$  the  notion  of  bodies,  fo  immenfly  diftant  as  are  the  ftars,  really 
iBolving  round  the  earth  in  24  hours,  is  now  treated  as  a  great  ab- 
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furdily  by  eyery  one  who  has  rightly  confidered  thefe  things;  Howe  , 
as.  the  motions  are  apparent,  and  the  (peaking  of  them  as  real  is  cu 
mary,  and  no  way  affecting  the  conclufipns  ;  therefore  aftronomers  t  ■ 
of  thefe  motions  as  they  appear. 

879.  Any  fphere  revolving  as,  on  an  axis,  muft  have  two  pojnts  orb 
furface,  at  the  extremities  of  its  axis,  that  do  not  revolve  at  all ;  til 
points,  with  refpec-t  to  the  earth,  are  called  its  poles. 

880.  By  the  earth's  rotation  on  its  axis  from  weft  to  caft  in  a  cm 
the  furface  of  the  celeRial  fphere  appears  to  move  from  eaft  to  wef  1 
the  fame  time;  and  all  the  celeftal  objects  appear  to  cjefcribe  circle:  n 
the  heavens,  which  are  greater  or  lefs,  according  as  they  are  farther  fr  j£ 
or  nearer  to,  the  apparent  centres  of  thofe  motions :  For  there  are  1 0 
points  in  the  heavens  which  are  apparently  hxed?  and  the  nearer  I 
iftars  are  to  thefe  points,  the  flower  are  their  motions.  Thefe  points  1 
galled  the- Celestial  poles;  the  right  line  joining  them  is  cad 
the  Axis  of  the  spbere?  and  paffes  thro'  the  poles  of  the  eal 
That  circle  in  the  heavens,  equally  diftant  from. the  poles  of  the  cele  J 
fphere,  is  called  the  Equinoctial  ;  the  correfponding  circle  on  I 
earth  is  called  the  Equator,  which  is  equally  diftant  from  both 
poles. 

881.  As  the  fun's  rays  falling  on  any  fphere  enlightens  one  hal 
its  furface  ;  therefore  one  half  of  the  earth  is  always  illuminated  at  o) 
and  confequently  the  enlightned  part  is  bounded  by  a  great  circle,  wfr 
may  be  called  the  Terminator,  from  its  property  of  terminat 
pr  bounding  the  verges  of  light  and  darknefs  :  Now  by  the  rotatio. 
the  earth  on  its  axis  once  in  24  hours,  there  will  be  a  conftant  fuccei 
of  li^ht  in  all  parts  as  they  are  turned  towards  the  fun,  and  of  dark 
in  thefe  parts  as  they  move  out  of  his  rays;  and  hence  arife  the  vie 
fudes  of  Day  and  Night. 

882.  Did  the  plane  of  the  equator  coincide  with  the  plane  of  .f 
ecliptic,  and  the  axis  of  the  earth  ftand  perpendicular  to  it,  the  ter 
nator  would  always  pafs  thro'  the  poles  of  the  earth,  and  thete  wc 
be  a  conftant  equality  of  day  and  night  in  every  part  of  its  furface,  , 
cept  at  the  two  poles,  where  there  would]  be  conftant  day  :  But  the  c 
trary  of  this  is  known  to  every  one,  and  obferyations  fhew  that  1 
earth's  axis  is  inclined  to  the  plane  of  the  ecliptic  in  an  angle  of  at 
66-  degrees;  therefore  the  poles  of  the  ecliptic  and  equator  are  about  ( 
degrees  diftant  from  one  another;  confequently  the  ecliptic  and  equir 
rial,  which  in  the  heavens  interfect  one  another  in  the  oppofite  point 
Aries  and  Libra,  make  at  thofe  interfeclions  angles  of  about  23! 
grees  (413)  *•  This  angle  is  called  the  Obliquity  of  the  Eci 
tic. 

The  axis  of  the  earth  being  thus  inclined  to  the  plane  of  the  eclip 
and  moving  parallel  to  itfelf  in  all  points  of  the  annual  orbit, 
ecliptic,  is  the  pccafion  of  the  inequalities  of  days  and  nights,  anc 
the  different  feafons  of  the  year ;  which,  two  phenomena  are  explai 
as  follows. 

883.  It  muft  be  obferved,  that  the  fun  will  appear  to  be  vertical 
that  part  of  the  earth,  which  js  cut  by  a  ftrait  line  joining  the  cen 
of  the  fun  and  earth. 
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884.  Now  when  the  earth  is  at  Vf,  the  fun  appearing  then  in  2?,  will 
|!k  vertical  to  that  point  of  the  terreftrial  ecliptic,  it  lying  in  the  right  line 
joining  the  centres  of  the  fun  and  earth  :  And  this  point  being  in  the 
.-arth's  northern  hemifphere,  all  thofe  who  live  therein  will  enjoy  fummer, 
:)r  the  hotteft  time  of  the  year,  the  folar  rays  falling  more  copiouily,  ancf 
jnore  perpendicularly  upon  their  hemifphere  at  that  time.    Fig.  3.  Fl.  IX. 

885.  At  the  fame  time  the  inhabitants  of  the  fouthern  hemifphere 
Will  have  winter,  the  rays  of  the  fun  falling  more  obliquely,  and  in  lefs 
quantity  on  them,  and  confequently  affording  them  lefs  heat. 

I  886.  Again,  the  inhabitants  of  the  northern  hemifphere  will  have 
fheir  days  longer  than  their  nights,  in  proportion  as  they  are  more  di- 
itant  from  the  equator ;  whilft  thofe  who  live  under  the  equator  will 
iiave  an  equal  fhare  of  day  and  night  all  the  year  round  :  For  in  this  po- 
rtion the  terminator,  which  is  always  at  right  angles  to  the  plane  of  the 
cliptic,  will  pafs  23!  degrees  beyond  the  north  pole,  and  confequently 
ivill  cut  all  the  circles  parallel  to  the  equator,  it  meets  with,  into  two 
Unequal  parts,  the  greater  portion  being  in  the  enlightned  hemifphere: 
Sut  the  terminator  being  a  great  circle,  will  cut  the  equator  into  two 
.iqual  parts  ;  therefore  half  the  equator  is  always  illuminated. 

887.  Hence  it  neceflarily  follows,  that  thofe  who  live  under  the  equa- 
tor will  have  their  days  and  nights  equal :  The  inhabitants  of  the  north 
umpgfate  zone  (567)  will  have  their  nights  fhorter  than  their  days  ,  while 
hofe  who  live  in  the  north  frigid  zone  enjoy  perpetual  day.  In  the 
|,aean  time,  thofe  who  live  in  the  fouthern  hemifphere  have  their  nights 
longer  than  their  days,  in  proportion  as  they  approach  nearer  the  fouth 
[tole  ;  and  thofe  contained  within  the  fouth  frigid  zone  will  have  con- 
l:|:ant  night. 

\\  888.  Suppofe  the  earth  now  to  move  in  its  orbit  from  Vf  thro'  the 

gns  xcr,  yi  to  «v,  and  the  fun  will  feem  to  run  thro'  the  ligns  Si,  vp.  to 

|l^ ;  and  this  will  be  the  place  of  the  fun  in  autumn. 

\  While  the  earth  is  in  <r,  the  days  and  nights  will  be  equal  in  both 

fciemifpheres,  and  the  feafon  is  a  medium  between  fummer  and  winter : 

i'or  at  that  time  the  fun  will  appear  vertical  to  the  equator,  becaufe  a 

I  ight  line  joining  the  centres  of  the  fun  and  earth  will  then  cut  the  fur- 

3:iLeoi;  the  earth  in  the  equator;  fo  that  the  terminator,  whofe  plane  is 

ways  at  right  angles  to  the  faid  line,  will  pafs  thro'  the  poles  ;  confe- 

JEfently,  all  the  earth  will  then  have  an  equal  ftiare  of  day  and  night. 

iind  oecaufe  the  rays  of  the  fun  then  fall  perpendicularly  upon  the  axis 

If  the  earth,  it  will  follow,  that  they  muft  fall  with  an  equal  obliquity, 

Ipd  in  equal  number  upon  either  hemifphere ;  therefore  they  muft  enjoy 

t  h  equal  degree  of  heat  and  cold. 

:l  Now  fuppofe  the  earth  to  move  from  v  to  25,  and  the  fun  will  feem 
l|)  move  from  =0=  to  V?,  where  it  will  be  in  its  nearefr.  approach  to  the 
I  juth  pole ;  and  at  this  time  of  the  year  it  will  be  winter  in  the  nor- 
thern hemifphere.  For  to  this  hemifphere  the  like  phenomena  will  now 
tiappen,  as  did  before  to  the  fouthern,  when  the  earth  was  in  Vf  ;  and 
I  y  a  parity  of  reafon,  when  the  earth  has  got  as  far  as  =Gr,  and  the  fun 

apparently  in  t,  the  northern  hemifphere  will  enjoy  fpring,  and  the 
i  >uthern.  will  have  autumn, 

889. 
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889.  The  four  points  of  the  ecliptic,  wherein  the  earth  has  bet 
confidered  in  fummer,  autumn,  winter  and  fpring,  are  called  the  foi 
Cardinal  poins  :  Y?  and  25  are  called  Solstitial  points  j  ^ar 

<T,    EQUINOCTIAL  POINTS.  .    $ 

890.  The  firft  point  of  Cancer  is  called  the  Summer  solstice; 
becaufe  when  the  fun  enters  it,  which  is  about  the  21ft  of  June,  he 
then  got  to  his  greateft  extent  northwards,  and  being  about  to  retui  i 
towards  the  equator,  he  feems  for  a  day  or  two  to  be  at  a  ftand.  Ar 
for  the  fame  reafon,  the  firft  point  of  Capricorn,  which  the  fun  ente] 
about  the  21ft  of  December,  is  called  the  Winter  solstice,  wit 
refpecl:  to  the  northern  hemifphere. 

891.  The  firft  points  of  Aries  and  Libra  are  called  the  Verna^ 
and  Autumnal  equinoctial  points,  from  the  equality  of  da| 
and  nights  all  over  the  furface  of  the  earth,  when  the  fun  enters  tho. 
points, 

892.  Of  the  Rifing  and  Setting  of  the  Stars. 

There  is  only  one  half  of  the  celeftial  fphere  vifible  at  one  time  I 
any  obferver  on  the  furface  of  the  earth,  the  other  half  being  hid  b 
the  earth  itfelf :  Now  the  apparent  plane  on  which  the  obferver  ftand, 
feems  to  be  extended  to,  and  cuts  the  heavens,  and  there  marks  out 
circle  that  divides  the  vifible  from  the  invifible  hemifphere  ;  this  circle 
is  called  the  Horizon,  above  which  all  the  celaftial  motions  are  feeifl 
When  this  horizon  is  a  great  circle  of  the  celeftial  fphere,  it  is  called  th 
Rational  horizon  :  But  when  by  the  particular  fituation  of  the  ob 
ferver,  he  fees  more  or  lefs  than  half  the  celeftial  fphere,  then  tfa 
circle  bounding  his  view  is  called  the  Sensible  horizon. 

The  horizon  is  one  of  the  rnoft  ufeful  circles  in  aftronomy,  for  t 
this  circle,  which  is  the  only  apparent  one,  almoft  all  the  celeftM 
motions  are  referred.  It  is  the  common  termination  of  day  and  nighO" 
it  marks  out  the  times  of  the  rifing  and  fetting  of  the  fun  and  ftam 
and  many  other  particulars,  of  which  hereafter. 

$93.  Of  Parallaxes. 

The  parallax  of  any  object  is  the  difference  between  the  places  it  ;t 
referred  to  in  the  celeftial  fphere,  when  feen  at  the  fame  time  from  tWi 
different  places  within  that  fphere  :  Or,  it  is  the  angle  under  which  aip 
two  places  in  the  inferior  orbits  are  feen  from  a  fuperior  planet,  or  evf 
from  the  fixed  ftars:  But  the  parallaxes  ufed  by  aftronomers  are  thoii 
arifing  from  feeing  the  object  from  the  centres  of  the  earth  and  fum 
from  the  furface  and  centre  of  the  earth  j  and  from  all  three  coroi 
pounded. 

894.  The  difference  between  the  heliocentric  and  geocentric  place  < 
a  planet,  is  called  the  parallax  of  the  annual  orbit  (namely  that  of  tr, 
earth) ;  that  is,  the  angle  at  any  planet,  fubtended  by  the  diftance  bd 
tween  the  fun  and  earth,  is  called  the  parallax  of  the  earth's,  or  annu; 
orbit. 

895.  The  difference  in  the  two  longitudes  is  called  the  parallax  < 
longitude  \  and  that  of  the  two  latitudes, .  is  called  the  parallax  of  Is 
titude.  >9 
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I  896.  In  the  Sizygies,  that  is,  in  the  oppofitions  or  conjmftiom,  the 
jfun  and  planet  being  either  equally  advanced  in  the  fame  fign,  or  in  like 
places  in  oppofite  figns,  the  parallax  of  latitude  is  then  greateft. 

897.  And  when  the  planet  is  in  its  quadratures,  that  is,  when 
t  is  90  degrees  diftant  from  the  fun,  the  parallax  of  longitude  is  then 
:he  greateft. 

898.  To  explain  the  parallaxes  which  refpecl  the  earth  only.  Fig.  2. 
'late  IX. 

II  Let  HSW  reprefent  the  earth,  where  t  is  the  centre  ;  org  part  of  the 
noon's  orbit,  P  r  g  part  of  a  planet's  orbit,  and  z  a  a  part  of  a  great 
:ircle  in  the  celeftial  fphere  :  Now  to  a  fpectator  at  s  upon  the  furface 
>f  the  earth,  let  the  moon  appear  in  g,  that  is,  in  the  fenfible  horizon 
>f  s,  and  it  will  be  referred  to  a  ;  but  if  viewed  from  the  centre  t,  it 
vill  be  referred  to  the  point  d,  which  is  its  true  place. 

The  arc  ad  will  be  the  moon's  parallax;  the  angle  sgt  the  parallac- 
tic angle:  Or  the  parallax  is  expreffed  by  the  angle  under  which  the 
I  lemidiarneter  ts  of  the  earth  is  feen  from  the  moon. 

\  If  the  parallax  be  confidered  with  refpect  to  different  planets,  it  will 
9  j»e  greater  or  lefs,  as  thofe  objects  are  more  or  lefs  diftant  from  the 

iarth.     Thus  the  parallax  ad  of  g  is  greater  than  the  parallax  a  d  of  g. 

If  it  be  confidered'  with  refpecl  to  the  fame  planet,  it  is  evident  that  the 
ijorizontal  parallax  (or  the  parallax  when  the  objecT:  is  in  the  horizon) 

'y  greateft  of  all;  and  diminifhes  gradually  as  the  body  rifes  above  the 
llorizon,  until  it  comes  to  the  zenith,  where  the  parallax  vanifhes,  or 
Incomes  equal  to  nothing.     Thus  ad  and   A  d,  the  horizontal   paral- 

sixes  of  g  and  g,  are  greater  than  a  b  and  a  £,  the  parallaxes  of  r  and 
r  1 ;  and  the  objects  q  or  p,  feen  from  s  or  t,  appear  in  the  fame  place 
•  i,  or  the  zenith. 

i  899.  By  knowing  the  parallax  of  any  celeftial  object,  its   diftance 

fom  the  centre  of  the  earth  may  be  eafily  obtained  by  Trigonometry, 
jpius  if  the  diftance  of  g  from  t  be  fought;  in  the  triangle  stg,  the 
ffde  st  being  known,  and  the  angle  sgt  determined  by  obfervation,  the 
Tide  tg  is  thence  known. 

The  parallax  of  the  moon  may  be  determined  by  two  perfons  obferv- 

iig  her  from  different  ftations  at  the  fame  time,  fhe  being  vertical  to 
me  one,  and  horizontal  to  the  other  j  and  it  is  generally  concluded  to 
Ip  about  57  minutes  of  a  degree;  confequently  her  diftance  tg  is  about 

b  femidiameters  of  the  earth,  or  60  times  ts. 
But  the  parallax  the  moft  wanted,  is  that  of  the  fun,  which  if  well 

Ptained  would  give  the  diftance  of  all  the  reft ;  and  from  a  tranfit  of 
tienus  over  the  fun's  difk  or  face,  which  will  happen  on  the  26th  of 

lay,  1761,  the  diftance  of  the  centres  of  the  fun  and  earth  may   be 

ktermined  to  within  a  500th  part  of  the  whole,  as  has  been  fhewn 
■f  the  excellent  Dr.  Halley, 

00.  Of  the  Meafure  of  the  Earth. 

The  relative  diftances  of  the  planets  are  difcovered  by  the  2d  Keph- 

han  law,  and   their  relative  magnitudes  are    gathered  from  the  angles 

hich.  they  appear  under  (when  viewed  with  very  accurate  inftruments) 

com- 
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compounded  with  their  diftances  :  Now  as  thefe  diftances  and  magnitin 
can  by  means  of  the  parallaxes  be  compared  with  the  diameter  of  t : 
earth,  confequently  this  diameter  being  accurately  known,  would  fei 
as  a  meafure  wherewith  the  magnitudes  and  diftances  of  all  the  otf 
planets  might  be  compared. 

To  find  the  meafure  of  the  earth  is  a  problem*-  of  fuch  importance 
aftronomy,  that  it  has  been  attempted  by  fome  of  the  moft  confideral : 
men  in  almofl:  all  the  preceding  ages:  But  its  folution  was  not  brougi 
to  any  degree  of  accuracy  till  the  year  1635,  when  it  was  happily  p( 
fe&ed  by  oiir  countryman  Richard  Norwood,  an  eminent  math 
matician  at  that  time.     The  principle  he  proceeded  upon  was,  that  ! 
360  degrees  were  contained  in  every  great  circle,'  both  of  the  celeftd 
iphere  and  of  the  earth,  and  that  thefe  circles  being- confidered  as  co' 
centric  to  the  centre  of  the  earth;,  therefore  Was  the  meafure  of  tl 
length  known  on  a  great  circle  of  the  earth,  correfponding  to  one 
more  degrees  of  a  great  circle  of  the  heavens,  then,  by  analogy,  t 
whole  circumference  of  a  great  circle  of  the  earth  would  b'e  known 
that  meafure,  and  confequently  its  diameter  Would  be  obtained.      (27 1 

Norwood  folved  this  problem  in  the  following  manner:  He  ch( 
two  diftant  places  which  were  known  to  lie  nearly  north  and  fouth  0 
of  the  other,  as  London  and  York ;    and  by  the  method  of  Travel 
failing  he  found  their  difference  of  latitude,  or  the  diftance  between  t 
parallels  of  latitude  paffing  thro'  thofe  places  ;  or  which  is  the  fame  thin  j 
the  length  of  that  arc  of  the  terreftrial  meridian  :  He  alfo  with  a-go  j 
inftrumeilt  found  the  diftance  between  the  zeniths  of  thofe  places,  ail 
confequently  he  thence  knew  the  quantity  of  the  celeftial  arc  anfweri: 
to  the  meafured  terreftrial  one  :  Then  faying,  As  that  celeftial  arc,  is 
a  great  circle  of  the  celeftial  fphere,  or  360  degrees;  fo  is  the  arc  oft 
terreftrial  great  circle  meafured  in  feet,  to  the  circumference  of  a  grs 
circle  on  the  earth,  in  feet  meafure. 

And  thus  he  found  that  about  69*  Englifli  miles  anfwered  to  one  d 
gree  ;  whereby  the  circumference  of  the  earth  appears  to  be  25020mikl 
and  its  diameter  about  8000  miles. 


901.  Of  the. Moon. 

The  moon  revolves  in  her  orbit  from  weft  to  eaft:  round  the  eartt 
and  with  it  is  carried  perpetually  thro'  the  annual  orbit  round  the  fu 
making  in  the  fpace  of  one  year  13  periodical,  and  12  fynodical  revol 
tions. 

902.  A  Periodical  month,  or  revolution,  is  the  time  t 
moon  takes  up  in  revolving  from  one  point  of  her  orbit  to  the  fame  poi 
again,  and  coftfifts  of  27  d.  7  hi"  43  m. 

903.  A  Synodical  month,  or  revolution,  is  the  time  t 
moon  fpends  in  paffing  from  one  conjunction  with  the  fun  to  anoth« 
which  is  29  d.  J2hr.  44  m.  5  being  2d.  5  b,  int.'  longer  than  the  I 
riodical  month :  For  whim:  the  moon  is  paffing  from  her  former  conjun 
tion  with  the  fun  round  to  ft  agairfy  the'  eartn  has  proceeded"  fofwar 
in  its  annual  coiirfe-j  as  it  wcr£  leaving  the  f&tiffltklkK'k&'&j  fo'that, 


ASTRO  N  0;M  Y.  449 

rder  to  compleat  her  next  conjunction  with  the  fun,  {he  imift  not  only 
ome  round  to  her  former  point  again,  but  alfo  go  beyond  it. 

904.  Befides  this  monthly  motion  of  the  moon  round  the  earth,  fhe 
as  alfo  a  motion  round  her  axis,  which  is  performed  exactly  in  the 
ime  time  with  her  periodical  revolution  :  From  whence  it  comes  to 
afs,  that  the  fame  face  of  the  moon  is  always  turned  towards  the  earth, 
er  diurnal  motion  turning  juft  as  much  of  her  face  to  us,  as  hef  perio- 
dical from  Us. 

905*  Tho'  the  fame  fide  of  the  moon  be  ever  turned  towards  us,  yet 
?  is  not  always  vifible,  but  daily  feenis  to  put  on  different  appearances, 
llled  Phases  :  For  the  moon  being  an  opake  body  like  the  reft  of  the 
Janets,  it  borrows  its  light  from  the  fun,  having  always  one  hemifphere 
'ilightned  by  the  folar  rays. 

When  the  enlightned  hemifphere  is  wholly  turned  from  the  earth,  as 

her  changej  the  planet  then  being' betwixt  us  and  the  fun,  the  moon's 
hole  enlightned  face  or  dljk  muft  needs  be  invifible  to  the  earth* 
/hen  pafling  from  this  ftate,  and  turning  fome  little  portion  of  the 
luminated  half  to  us,  it  mud.  appear  horned,  the  Cusps  or  points  be- 
fg  turned  from  the  fun  towards  the  eaft.  When  the  moon  is  in  her 
tadratures,  or  at  90  degrees  from  the  fun,  then  half  the  illuminated 
Ice  becomes  vifible  :  She  afterwards  continues  to  fhew  more  than  half 
•|e  enlightned  difk,  until  fhe  comes  in  oppofition  to  the  fun,  when  the 
jhole  of  the  illumined  Orb  is  prefented  to  us  ;  from  whence  receding, 
m  muft  put  on  the  like  phafes  as  before,  but  in  an  inverfe  order,  the 
<  fps  being  now  turned  towards  the  weft. 

06.  Of  folar  and  lunar  Eclipfes, 

•jEclipfes  of  the  fun  and  moon  can  only  happen  about  the  times  of  the 
"injunctions  and  oppofitions :  Thofe  of  the  fun  fall  out  at  the  conjunc- 
t»ns,  when  the  moon  intercepts  the  light  of  the  fun  frOrn  the  earth; 
«d  thofe  of  the  moon  occur  in  the  oppofitions,  when  the  earth  getting 
■Kween  the  fun  and  moon*  the  latter  lofes  her  light  during  the  time  of 
tit  interpofition. 

The  reafon  why  there  is  not  an  eclipfe  irr  every  fyzigie  is,  becaufe 
'ij  the  inclination  of  the  plane  of  the. moon's  orbit  to  that  of  the  eclip- 
tj,  which  is  about  50  18':  For  it  is  certain,  that  unlefs  the  fun,  earth 
il  moon  be  all  in  the  plane  of  the  ecliptic,  or  nearly  fo,1  the  fhadows 
t  the  earth  and  moon  can  never  fall  on  one  another,  but  muft  be  di- 
rked either  above  or  below.  Nov/  they  can  never  be  in  the  fame 
|}.ne,  and  in  one  right  line,  but  when  the  moon  is  in  her  nodes,  and 
Mi  nodes  and  fun's  centre  are  in  the  fame  right  lirie. 
J907.  The  folar  and  lunar  eclipfes  do  not  happen  every  year  in  the 
"fjhe  places'  of  the  zodiac,  but  in  fucceeding  years,  they  fall  in  places!" 
gidually  removed  backwards,  or  towards  the  antecedent  figns :  For 
fice  the  nodes  are  found  to  go  continually  backwards,  the  eclipfes  muft 
■b  obferve  the  fame  order. 

J908.  Eclipfes  of  the  moon  are  either  total  or  partial:  The  partial  are 
teher  central ;  that  is,  when  the  node  happens  to  be  exactly  in  the 
citre  of  the  fhadow ;  or  excetitrical,>,  when  the  node  happens  to  be  on 
e'ler  fide  the  centre.,  within  or  without  the  fhadow.     Nov/  the  longer 

M  m  m  the 
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the  duration  is  of  a  partial  eclipfe,  fo  much  the  greater  is  that  part 
the  moon  which  enters  into  the  fhadow  of  the  earth. 

909.  Hence  it  is  ufual  to  conceive  the  moon's  diameter  as  divided  u 
12  parts,  called  Digits,  by  which  the  greatnefs  of  partial  eclipfes 
jneafured,  they  being  faid  to  be  of  fo  many  digits  as  there  are  parts  < 
vered  by  the  earth's  fhadow :    Thus  if  5  of  the  1 2  parts  are  covered, 
is  called  an  eclipfe  of  5  digits. 

910.  As  the  planet  Mars  is  never  eclipfed  by  the  Earth,  it  is  pi: 
the  fhadow  of  the  latter  does  not  reach  fo  far  as  the  oroit  of  the  f 
mer,  but  tapers  to  a  point  at  a  lefs  diftance ;  and  confequently  the  eart 
(hadow  muft  be  a  cone,  Whofe  vertex  is  extended  beyond  the  orbit 
the  moon.  It  naturally  follows  from  hence,  that  the  fun  is  a  mil 
larger  body  than  the  earth. 

911.  If  a  perfon  was  placed  juft  at  the  vertex,  or  point  of  this  fl 
dow,  he  would  fee  nothing  of  the  fun  but  a  fmall  rim  of  light  rou 
his  difk ;  and  the  farther  the  obferver  was  removed  from  the  vertex,  1 
larger  would  the  rim  of  light  appear,  and  confequently  the  fewer  r; 
would  be  intercepted  by  the  opake  body,  till  at  laft  it  would  appear  oi 
as  a  fpot  in  the  fun ;  in  like  manner  as  the  planets  Venus  and  Merct 
appear  when  they  are  feen  to  pafs  over  the  fun's  difk. 

912.  What  has  hitherto  been  faid  of  the  fhadow,  includes  that  of -1 
atmofphere  furrounding  the  earth;  for  in  lunar  eclipfes,  the 'fhadow  of  1 
atmofphere  is  to  be  conlidered:   And  hence  it  is  that  the  moon  is  vifible 
eclipfes,  the  fhadow  caft  by  the  atmofphere  being  not  near  fo  dark  as  tl ; 
caft  by  the  earth. 

913.  The  moon  always  enters  the  weftern  fide  of  the  fhadow  wi 
her  eaftern  limb,  and  quits  it  with  her  weftern  limb ;  and  in  her  \ 
proach  to,  and  recefs  from  the  fhadow,  fhe  muft  pafs  thro'  a  Penu: 
bra,  or  imperfect  fhade,  which  is  caufed  by  the  earth  itfelf. 

914.  In  the  fame  manner,  in  which  it  has  been  fhewn  that  the  mo 
muft  come  into  the  fhadow  of  the  atmofphere  when  fhe  is  at  full,  a 
at  or  near  a  node,  it  may  alfo  be  fhewn  that  her  fhadow  muft  fall  upi 
the  earth  at  the  time  of  new  moon,  provided  fhe  be  in  or  near  a  nod ' 
But  the  penumbra  of  tl\e  moon's  fhadow  is  much  more  fenfible  : 
folar  eclipfes,  than  that  accompanying  the  fhadow  of  the  earth  in  lur.i 
ones. 

915.  It  is  obferved,  that  to  determinate  parts  of  the  earth,  folar  eclip: 
do  not  happen  fo  oft  as  lunar  ones,  which  -is  owing  to  the  fhadow  < 
the  moon  being  lefs  than  that  of  the  earth ;  for  the  earth's  fhadow  ofti 
covers  all  the  moon,  but  that  of  the  moon  cannot  cover  all  the  eartl 
and  as  it  fometimes  falls  on  one  part,  fometimes  on  another,  it  caul 
folar  eclipfes  in  general  to  be  more  frequent  than  lunar  ones;  yet  to  ai 
determinate  place  on  the  earth,  there  are  more  eclipfes  of  the  moonvi: 
ble,  than  of  the  fun. 

What  has  hitherto  been  faid,  may  fuffice  to  give  beginners  a  gener 
idea  of  the  motions  of  the  bodies  in  the  folar  fyftem,  and  of  fome  of  tl 
phenomena  thence  arifing  ;  thofc  who  defire  to  be  farther  acquainted  wi 
particulars,  may  find  them  fully  treated  of  in  M.  le  Caille's  Elemen 
©f  Aftronomy,  publifhed  in  Englifh  a.  few  years  finee. 

sectio: 
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SECTION    III. 

The  Aftranomy   of  the   fphere. 

<  6.  Definitions  and  Principles, 

By  the  Aftronomy  of  the  fphere,  is  meant  the  finding,  from  proper 
tings  given,  the  meafure  of  certain  arcs  and  angles  formed  on  the  fur- 
f;es  of  the  celeftial  and  terreftrial  fpheres,  by  the  apparent  motions  of, 
t;  bodies  which  are  (een  in  the  heavens. 

The  furfaces  of  thofe  fpheres  are  fuppofed  to  be  concentric  to  the  cen- 
i;  of  the  earth,  and  to  have  correfpondent  circles  defcribed  on  both 
fieres. 

[.917.  Great  circles  are  thofe  which  divide  either  fphere  into  tWQ 
eual  parts. 

,Lesser  circles,  thofe  which  divide  either  into  unequal  parts. 

.The  Poles  of  a  circle  are  thofe  points  on  the  fphere  equally  diftant- 
fm  that  circle. 
ijAn  Axis  is  a  right  line  fuppofed  to  connect  the  poles. 

The  Celestial  axis  is  that  right  line  about  which  the  heavens 
jGjm  to  revolve. 

Phe  North  and  South  poles  of  the  world  are  thofe  two  pointa 
mere  the  axis  cuts  the  celeftial  fphere. 

iBi8.  The  Equinoctial,  or  Equator,  is  that  great  circle  of  fch$ 
J|ere  equally  diftant  from  the  poles  of  the  world. 
.£19.  Meridians,  or  Hour  circles,  or  Circles  of  right  as* 
ENSion,  or  Circles  of  terrestrial  longitude,  are  great  cir-* 
C5  perpendicular  to  the  equator,  and  paffing  thro'  the  poles  of  the 
Hrld. 

1920.  The  Ecliptic  is  a  great  circle  inclined  to  the  equator  in  an  angle 
t;  about  234%  and  cutting  it  in  two  points  diametrically  oppofite. 

tjThe  ecliptic  is  fuppofed  to  be  divided  into  12  equal  parts,  called  Signs, 
ginning  from  one  of  its  interferons  with  the  equator ;  each  fign  con- 
ning 30  degrees,  named  and  noted  thus. 

tfiries         Taurus  Gemini  Cancer  Leo  Virgo 

wLibra     .    Scorpio  Sagittarius      Capricornus      Aquarius      Pifces 

===  tn,  £  Vf  '  1  ,  SX,  -      '.    36 

)2i.  The  firft  fix  are  called  northern,  and  the  latter  fix  fouthern  figns. 
The  Cardinal  points  of  the  ecliptic  are  the  four  firft  points  of  the? 
£;ls  v,  25j  ;£t,  Vf ;  thofe  of  <y>  and  =g=  are  called  Equinoctial 
■nts,  and  thofe  of  25  and  Yf  are  called  Solstitial  points. 
,  )22.  The  Equinoctial  colure  is  a;  meridian  paffing  thro'  the 
ecinoctial  points;  and  the  Solstitial  colure-  is  another  meridian 
psing  thro'  the  foljiitial  points.  The  colures  cut  One  another  at  right 
%r.;les  in  the  poles  of  the  world. 

123.  Circles  of  celestial  longitude  are  great  circles  perpen- 
dular  to  the  ecliptic.  . 

1*24.  The  Latitude  of  any  point  in  the  heavens  is  an  arc-  of  a 
<S|le  of  longitude  intercepted  between  that  point  and  the  ecliptic,  and 

M  m  m 2,  is 
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js  called  north  or  fouth  latitude,  as  the  point  is  on  the  north  or  fcui 
fide  of  the  ecliptic. 

925.  Parallels  of  celestial  latitude  are  fmall  circles  pi 
rallel  to  the  ecliptic. 

926.  The  Longitude  of  any  point  in  the  heavens  is  an  arc  of  tl 
ecliptic  intercepted  between  the  firft  point  of  Aries  and  a  circle  of  loi 
gltude  paffing  thro'  that  point. 

•  927.  The  Right  ascension  of  any  point  of  the  celeftial  fphere 
an  arc  of  the  equator,  contained  between  the  firft  point  of  Aries  and 
meridian  paffing  thro'  that  point :  Or,  it  is  the  angle  formed  by  the  equ 
nocYial  coiure,  and  the  meridian  paffing  over  that  point. 

928.  The  Declination  of  any  point,  is  an  arc  of  a  meridian  cotf 
tained  between  that  point  and  the  equinoctial:  If  the  point  is  on  tl' 
north  fide  of  the  equinoctial,  it  is  called  north  declination  ;  but  if  on  tl 
fouth  fide,  it  is  called  "fouth  declination. 

929.  The  Obliquity  of  the  ecliptic  is  the  angle  made  by  tl 
interfeclion  of  the  equator  and  ecliptic,  and  is  meafured  by   the  fun 
greateft  declination  ;    which,  according  to  the  modern  obfervations-j 
about  23°  284,  but  is  ufually  reckoned  at  23?  29'. 

I  930.  Tarallels-OF  declination  are  fmall  circles  parallel  to  8| 
equinodlial.  The  Tropic  of  Cancer,  is  a  parallel  of  declination; 
2,3°  29'  diftant  from  the  equinodlial  in  the  northern  hemifphere;  ar, 
the  Tropic  of  Capricorn  is  that  parallel  of  declination  as  far  diftai 
in  the  fouthern  hemifphere. 

931.  The  Artig  polar  circle  is  a  parallel  of  declination  at  T 
29'  diftant  from  the  north  pole;  and  the  Antartic  polar  circle 
that  parallel  of  declination  as  far  diftant  from  the  fouth  pole. 

:  932.  The  Zenith  is  that  point  of  the  heavens  directly  over  a  place 
and  the  Nadir  is  the  point  diredtly  underneath. 

,   933.  The  Horizon  is  that  great  circle  of  the  fphere  which  is  equall  Is 
diftant  from  the  zenith  and  nadir  of  any  place,  and  divides  the  fphei 
into  the  upper  and  lower  hemifpberes. 

-  934.  The  Rising  of  a  celeftial  objedt,  is  when  its  centre  appears  i 
the  eaftern  part  of  the  horizon;  and  its  setting,  is  when  its  centA 
difappears  in  the  weftern  quarters  of  the  horizon. 

935.  Azimuth,  or  Vertical  circles,  are  great  circles  perpen- 
dicular to  the  horizon,  paffing  thro'  its  poles,  which  are  the  zenith  an 
nadir. 

r  936.  The  Prime  vertical  is  that  vertical  circle  which  partes  thn 
the  eaft  and  weft  points  of  the  horizon,  and  is  at  right  angles  to  tr 
meridian  of  the  place,  which  is  a  vertical  circle  paffing  thro'  the  nort 
and  fouth  points  of  the  horizon. 

•"  937.  As  the  meridian  of  a  place  is  cailed  the  twelve  o'clock  hour  circl 
fo  the  hour  circle  at  right  angles  to  the  meridian  is  called  the  fix  o'cloi 
hour  circle. 

938.  The  Azimuth  of  any  celeftial-  object-,  is  an  angle  at  the  zenit   ( 
formed  by  the  meridian  of  any  place,-  and  a  vertical  circle  paffing  thrd 
that  object:  when  it  is  above  the  horizon  :  Or,  it  is  meafured  by  the  ai 
of  the  horizon  intercepted  between  tho[e  vertical  circles. 
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939.  The  Amplitude  of  any  point  in  the  heavens,  is  an  arc  of  the 
orizon  contained  between  that  point  at  its  rifing  or  fetting,  and  the 
terfection  of  the  meridian  of  the  place  with  the  horizon  :  Or,  it  is 
e  angle  at  the  zenith  included  between  the  meridian  of  a  place  and  a 
■rtical  circle  paffing  thro'  the  point  at  its  rifing  or  fetting. 

940.  The  Altitude  of  any  point  in  the  heavens,  is  an  arc  of  a 
:  rtical  circle  intercepted  between  that  point  and  the  horizon. 

941.  The  Zenith  distance  of  any  object,  is  an  arc  of  a  vertical 
ccle  contained  between  that  point  and  the  zenith. 

The  altitude  and  zenith  diftance  are  complements  one  of  the  other. 

942.  The  Meridian  altitude,  or  Meridian  zenith  di- 
!ANCE,  is  the  altitude  or  zenith  diftance  when,  the  objecl:  is  on  the 
pridian  of  the  place. 

943.  The  Culminating  of  any  celeftial  objecl:,  is  the  time  it 
ipfits,  or  comes  to  the  meridian. 

i 944.  Almicanthers,  or  Parallels  of  altitude,  are  fmali 
rcles  parallel  to  the  horizon. 

945.  A  Parallel  sphere,  is  that  pofition  of  the  fphere  wherein 
K  circles,  apparently  defcribed  by  the  diurnal  rotation,  are  parallel  to 
ft:  horizon  ;  which  can  happen  only  at  the  poles. 
,946.  A  Right  sphere,  is  that  wherein  the  diurnal  motions  are  at 
»;ht  angles  to  the  horizon :  Thus  it  appears  in  all  places  under  the 
fuator. 

1947.  An  Oblique  sphere  has  all  the  diurnal  motions  oblique  to  the 
Irizon :  And  thus  the  motions  appear  to  all  parts  of  the  earth,  except 
pder  the  poles  and  equator. 

41948.  Diurnal  arcs,  are  thofe  parts  of  the  parallels  of  declination 
g  celeftial  objects  apparently  defcribed  between  the  times  of  the  rifing 
fti  fetting  of  thofe  objects:  And  Nocturnal  arcs,  are  the  parts  of 
Jyfe  parallels  apparently  defcribed  from  the  time  of  fetting  to  the  time 
Irifing. 

-949.  Semi-diurnal  and  Semi-nocturnal  arcs,  or  the  halves 
©diurnal  and  nocturnal  arcs,  are  the  parts  of  the  parallels  between  the 
pridian  and  their  interferon  with  the  horizon.  The  correfponding 
fct  of  the  equator  anfwering  to  the  femi-diurnal  arc,  gives  the  time 
tyween  noon  and  the  rifing  or  fetting ;  and  the  equatorial  part  anfwer- 
\%  to  the  femi-nccturnal  arc,  fhews  the  time  between  midnight  and 
6:  time  of  fetting  or  rifing. 

950.  The  Oblique  ascension  of  any  point  in  the  heavens,  is  the 
drree  of  the  equator  which  rifes  with  that  point  in  an  oblique  fphere  : 
$d  the  Oblique  descension,  is  the  degree  which  fets  with  that 
Bnt. 

951.  The  Ascensional  difference  belonging  to  any  celeftial  ob- 
JEt,  is  the  difference  between  its  right  and  oblique  afcenfions.  In  the 
ft,  it  is  the  time  that  he  rifes  or  fets  before  or  after  the  hour  of  fix. 

552.  The  Latitude   of  any  place  on  the  earth,  is  an  arc  of  a  ter- 
ttxial  meridian  contained  between  that  place  and  the  equator  j  being 
uth  or  fouth,  according  to  the  fide  of  the  equator  it  is  on. 
*953-  The  Longitude  of  any  place  on  the  earth,  is  an  arc  of  the 
P<ator  contained  between  the  rnejridjan  of  that  place  and  the  meridian 

which 
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which  is  chafe-  for  the  firft,  where  the  reckoning  of  longitude  begin 
Or,  it  is  the  angle  at  the  pole  formed  by  the  flrft  meridian,  and  that 
the  place, 

954..  Refraction-,  in  an  aftronomical  fenfe,  is  the  difference  b 
tween  the  true  and  apparent  altitudes  of  an  object  :  For  the  atmofphe 
furrounding  the  earth  (602),  caufes  all  celeftial  objects  to  appear  mo 
elevated  above  the  horizon  than  they  really  are. 

955.  The  Twilight  is  that  medium  between  light  and  darkne 
which  happens  in  the  morning  before  fun-rife,  and  in  the  evening  aft 
fua-fet. 

This  is  occafioned  by  the  atmofphere's  refracting  the  folar  rays  upt 
any  place,  altho'  die  fun  is   below  the  horizon  of  that  place;  and  <j 
observation  it  is  found  to  begin  and  end  at  about  l8°  below  the  horizow 

95-6.  The  Crepusculum  is  a  fmall  circle  parallel  to  the  horizon 
1 8°  below  it,  where  the  twilight  begins  and  ends. 

957.  The  Latitude  of  a.  place  is  exprefled  by  an  arc  of  the  m  I 
ridian,  fhewing  the  diftance  between  the  zenith  of  that  place  and  t 
equino&ial;  or,  by  an  arc  of  the  meridian,  fhewing  the  height  ofi  t 
pole  above  the  horizon. 

For  under  the  pole,  or  in  the  latitude  of  90  degrees,  the  pole  is 
the  zenith,  or  is  90  degrees  above  the  horizon;    fo  that,  in  this  cffl 
the  horizon  coincides  with  the  equinoctial. 

And  as  many  degrees  as  the  obferver  goes  from  the  pole  towards  t 
equator,  fo  many  degrees  does  his  horizon  go  below  the  equator  on  0. 
fide,  and  approach  the  pole  on  the  other  fide. 

Therefore  the  pole  approaches  the  horizon  juft  as  much  as  the  zeni 
approaches  the  equator  ;  that  is,  the  height  of  the  pole  above  the  horiz* 
is  equal  to  the  diftance  of  the  zenith  from  the  equinoctial,  which  is  eqi 
valent  to  the  diftance  of  the  obferver  from  the  equator,  or  is  equal  to  t 
latitude. 

q  e8v  To  convert  time,  into  degrees,  and  degrees  into  time* 

Note 
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Winn  time  is  given. 

959,.  Rule.  Multiply  the  given  hours  by  15  gives  degrees,  to  whi' 
add  i°  for, every  4  minutes;  for  every  overplus  mint 
reckon  1 5'  of  a  degree  ;  and  for  every  fecond  of  tin ! 
take  15"  of  a  degree. 

When  degrees  are  given. 

960,,  Rule.  Divide  the  given  degrees  by  15  for  hours ;  multiply  t 
remainder  by  4  for  min.,  adding  to  the  product  1  ml 
for  every  1.5'  of  a  degree;  the  overplus  minutes  oi\ 
degree  multiplied  by  4.  gives  feconds.:  of  time. 

Exa; 
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{Exam.  I.  Reduce  4U  37*"  23*  to 

writes,  Sec.  ? 

J5 

6c?  oo;  oo/;  for    4  hours. 
9    15    00     for  37  min. 
5    45     for  23  feconds. 

69    20    45 


Exam.  II.    Reduce  43*  29"  1ft 

15 )  430  29' (  2h  53m  56*. 
g-o 

»3 
4 

52  <-{-  1  —  53  minutes. 
And  14'  x  4  tz  56  feconds. 

I  J.       Of  the  Tables  of  Decimation  and  Bight  afcenfton. 

Thefe  tables  are  here  difpofed  into  three  parts. 

j[.  Tables  of  the  Sun's  declination,  at  art.  105  2,  for  every  day  in  the  year, 
frwell  for  leap-year,  as  for  the  firft,  fecond  and  third  years  after  :  They 
a;  contained  in  four  pages,  each  being  a  year  ;  the  months  whereof  are 
Rtop  and  bottom,  and  the  days  in  the  right  and  left  hand  columns. 
:  Thefe  tables  are  fitted  to  the  meridian  of  London  for  each  day  at 
Ipn,  but  by  a  proper  correction  they  may  be  adapted  to  any  other  me- 
Ran  and  intermediate  hour.     For  which  fee  art.  964,  965. 

it.  A  Table  of  the  Sun's  right  afcenfton,  at  art.  1053.  This  table,  like 
tl  former,  is  made  for  every  day  in  the  year ;  but  only  for  one  year, 
fyaufe  the  alteration  in  right  afcenfion  is  fo  fmall  in  feveral  years,  that 
its  not  necelTary  to  be  confidered  in  nautical  operations. 

.II.  A  Table  of  the  Right  afcenfions  and  declinations  of  fame  of  the  prin- 
m?L  fixed  Jlars  is  at  art.  1054.  The  left  hand  column  mews  the  fitua- 
tiis  of  the  conftellations  that  are  marked  in  the  2d  column,  whether 
ltj;he  zodiac,  or  a  northern  or  fouthern  conftellation.  The  3d  column 
ftws  what  part  of  the  conftellations  the  ftars  are  in,  whofe  names  are 
|rj:he  4th  column.  The  5th  column  mews  the  marks  that  are  annexed 
tojtars  in  the  figures  of  the  conftellations,  for  the  ready  comparing  of  ce- 
leiial  obfervations.  The  figures  in  the  6th  column  mew  the  relative 
irjmitude  or  fize  of  the  ftars.  The  other  two  columns  are  according 
tctheir  titles. 

The  ufe  of  the.  Tables  of  Declination  and  Right  afcenfion, 

ty.  I.  Of  the  Sun's  declination. 

To  find  it.  Seek  the  year  and  month  at  the  head  of  the  table,  and  the 
fa  in  the  right  or  left  hand  column,  againft  which,  in  the  proper  co- 
hun,  is  the  declination  fought. 

ixAM.  Required  the  declination  for  the  10th  of  May,  in  the  year  1753s 
fojtbe  meridian  of  London  ? 

n  the  table  for  the  year  1753,  in  the  column  figned  at  top  with  May, 
ar  againft  the  10th  day,  is  I7&44' N.,  which  is  the  declination  fought; 
ft  will  ferve  alfo  for  the  fame  month  and  day  in  the  years  1757*  1761. 
I63.  When  thefe  tables  of  declination  are  ufed  in  places  more  than 
I  to  the  eaftward  or  weftward  of  London,  they  (hould  be  fitted  to  the 
ihidian  of  that  place:  For  the  tables  which  give  the  declination  every 
1^  at  noon,  Jiave  a  daily  variation  arifing  gradually  from  noon  to  noon, 

and 
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and  divided  among  the  intermediate  hours;  and  as  every  150  of  Ion 
tude  anfwers  to  an  hour,  confequeritly  places  to  the  eaflward  or  w« 
ward  of  London  will  have  their  declinations  at  noon,  or  other  times 
the  day,  different  from  what  they  are  at  London. 

A  table  of  the  corrections  for  declination  is  at  art.  1055  :  Where  1 
left  hand  column  is  the  daily  variation,  and  the  following  columns  cc 
tain  the  correction  to  the  longitudes  at  the  head  of  thofe  columns. 

964.         To  find  the  corretl  declination  for  any  meridian* 

E.UL2.  If  the  decL  be  increafing  ;  then  in  W.longit.  add  the  corre&i 
(1055)  to  the  tabular  declination  ;  but  in  E.  longit.  fubtra&ij 
If  the  decl.  be  decreafing;  then  inW.  longit.  fubtraft  the  c| 
re£Hon  from  the  tabular  declin. ;  but  in  E.  longit.  add  it. 
And  in  either  cafe  the  correct  declination  will  be  obtained, 

Note.  The  decl.  is  increafing  from  2ift  of  March  to  21ft  of  Jur 
and  from  22d  of  September  to  the  21ft  of  December  :  A 
decreafing  from  21ft  of  June  to  the  22d  of  September  j  a 
from  the  21ft  of  December  to  the  21ft  of  March. 

Exam.  I.  What  is  the  fun's  declination  at  noon  on  the  \Jl  of  June,  17^ 
at  a  place  I20°  to  the  eaflward  of  the  meridian  of  London  f 

June  iff:,  1753,  the  decl.  at  London  is  220  07';  the  increafe  to  next  day  is 
In  the  tab.  art.  1 055,  underl2o°lon.  ftands  3  ,  againft  8'  of  daily  diff. 

Here  the  decl.  is  increaf.  and  E.  long,  fo  22    04  ,  the  diff.  is  the  decl.  foi 

— —  Cf 

But  had  it  been  W.  longitude,  then         22    10  ,  the  fum,  would  be  the 

Exam.  II.  On  March  15,  1753,  what  was  the  fun's  declination  atm 
In  a  place  1050  to  the  wejlward  of  the  ?neridian  of  London  ? 

March  1  $,  1753,  the  decl.  at  London  is  i°  57'  S.  thedecr/to  next  day  is : 
In  tab.  art.  1055,  under  105  Ion.   ftands  7        againft  2^  of  daily  diff 

Here  the  decl.  is  deer,  and  W.  long,  fo    1     50  S.  the  diff.  is  the  decl.  fou[ 

But  had  it  been  E.  longitude,  then         2    04  S.  the  fum  would  be  the  d 

In  like  manner  may  the  tables  of  declination  be  fitted  for  any  ti 
of  the  day,  by  increafing  or  decreafing  the  declination  by  a  proportioi 
part  of  the  difference  between  the  declinations  of  that  day  and  tile  ne 

thusw 

g6$.     To  find  the  declination  at  any  hour  under  any  meridian. 

Rule  iff.  Correct  the  declination  for  the  given  longitude  as  above 
2d.  If  the  declin.  be  increafing  ;  in  the  forenoon  fubtr.  the  corrects 

and  in  the  afternoon  add  it. 
But  if  the  declin.  be  decreafing ;  in  the  forenoon  add  the  corre&io: 

and  in  the  afternoon  fubtract. 
This  rule  is  the  fame  as  at  art.  964,  reckoning  the  time  A.  M.  or 
fore  noon,  in  degrees  of  E.  longitude,-  and  the  time  P.  M,  or  afterno 


m  degrees  of  W.  longitude. 
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\  Ex  am.  I.  What  is  the  fun's  declination  at  4  o'clock  in  the  morning  on 
L»  I/?  of  June,  1753,  at  London? 

I4  o'clock,  is  8  h.  A.  M.  which  is  ■§■  of  the  day  before  n<?on ;  the  daily  difF.  is 
!.  The  decl.  is  incr.  and  in  forenoon  ;  therefore  f  of  8',  or  3'  being  fub- 
t&ed  from  22.0  07',  the  decl.  at  noon,  gives  22°  04',  the  decl.  at  8  o'clock 
lj  the  morning.  \ 

Or,  8  h.  A.  M.  is  the  fame  as  1 200  to  the  eaftward  of  London  ;  and  fo  the 
l-fiiw.  becomes  the  fame  as  the  1ft  to  art,  964. 

Exam.  II.  In  a  place  708  to  the  wejlward  of  the  meridian  of  London^ 
vat  isthe  fun's  declination  at  ib.  16m.  P.M.  on  the  15th  of  March,  1753  ? 
!J2h.  20m.  P.  M.  is  35*  weft;  and  700  and  350  make  105°  weft:  So  the 
bm.  is  the  fame  as  Exam.  II.  art.  964. 

(fWhen  a  ftar  is  to  be  obferved,  it  is  convenient  to  know  at  what  time 
D  the  night  it  may  be  expected  on  the  meridian ;  or  at  any  known 
Jthe  of  the  night,  to  find  what  ftars  will  then  be  on  the  meridian.  For 
ti;  performing  of  this,  there  is  at  art.  1053  a  table  of  the  fun's  right  af- 
Ifyfion  ;  and  at  art.  1054  is  a  table  of  fome  of  the  chief  ftars,  With  their 
Iht  afcenfion  and  declination. 

To  find  the  culminating  of  the  ftars. 
^66.  Case  I.  To  find  the  time  when  any  f tar  of  the  table  will  be  upon 
the  meridian. 
3.ULE.  Subtract  the  fun's  right  afcenfion  , from  the  right  afcenfion  of 
tl  ftar  (increafed  if  neceffary  by  24  hours)  ;  the  remainder  is  the  hours 
jpr  mid-day,  when  the  ftar  comes  to  the  meridian.  Thofe  hours,  if  lefs 
tin  12,  is  the  time  after  noon ;  or  their  overplus  above  12,  is  the  time 
■r  midnight. 


Exam.  I.  Required  the  time  when 
m/iar  Ar£iurus  comes  to  the  meridi- 
an the  \fl  of  September,  1 753  ? 
Irdlurus's  right  afcen.    —    i4h  03111 
Ihe  fun's  right  afcen.  -   10   42 

lie  remain,  is  4=  culni.  —     3    21 


Exam.  II.  On  the 7.5th  of  'February^ 
1 753,  at  what  hour  will  the  Jlar  Vir- 
gin s  fpike  be  on  the  meridian  ? 

Virgin's  fpike  right  afcen.  — 

Which  added  to  2411  gives 

The  fun's  right  afcen. 

The  remain,  is  :fc  culm. 

Or,  the  culm,  abating  1 2  is        2    38 

That  is,  the  ftar  will  be  on  the  meri- 
dian at  38  min.  after  2  in  the  morning. 


..T.*». 

T?» 

37 
22 

12 

34 

i L 
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Iiat  is,  the  ftar  Ar&urus  will  be  on 
■meridian  of  London  at  21  minutes 
if  r  3  in  the  afternoon. 

H167.  Case  II.  To  find  if  any  Jlar  in  ihe  table  will  be  on  or  near  the 

meridian  at  a  propofed  time. 
Mule.  Add  the  given  time,  reckoned  from  noon,  to  the  fun's  right 
tfnfion  ;  feek  the  fum  (rejecting  24  h.  if  the  fum  is  greater)  among  the 
\{X.  afcenfions  of  the  ftars,  which  if  found  there,  the  ftar  anfwering  it 
A  be  on  the  meridian  at  the  time  propofed  :  Or,  the  ftar,  whofe  right 
ifinfion  is  neareft  that  fum,  will  be  on  the  meridian  the  neareft  to  the 
En  time. 

Ixam.  January  2$th,  1754."  What  Jlar  will  be  on  the  meridian  about 
mf  clock  at  night  ? 

An.  25,  at  noon,  the  fun's  right  afcenfton  is  20  h.  32  m.;  and  at  10  hours 
m  it  may  be  reckoned  20  h.  34  m.;  to  which  the  given  time  being  added, 
■es  30  h.  34  m.  ;  and  abating  24  h.  is  6h.  34  m.  which  is  the  right  afcenfion 
9f!is  ftar  Syrius  •,  So  Syrius  will  be  on  the  meridian  at  10.  i 

Nnri  SECTION 
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SECTION     IV. 

Of  the  Projection  of  the  fpbere. 

968.  PROBLEM    I. 

To  projecl  the  fpbere  upon  the  plane  of  the  foljlitial  colure  ^  or  upon  , 
plane  of  the  meridian  of  any  place  ;  thofe  planes  being  fuppofed  to  coincide. 

For  this  projection,  the  eye  is  fuppofed  to  be  in  the  firft  point  of  <y\ 
the  common  interferon  of  the  equator,  ecliptic,  and  equinoctial  colui 
that  being  the  pole  of  the  plane  of  projection,  or  primitive  circ 
Plate  IX.  Fig.  4. 

iff.  With  the  chord  of  60  degrees  defcribe  a  circle  PESQjo  repreft 
the  folftitial  colure,  whofe  centre  <r  is  its  pole.  (4J 

2d.  A  diameter  EQ^will  be  the  equator,  and  another  ps  at  right  ang 
to  it  will  fhew  the  equinoctial  colure  (440),  or  the  axis  of  the  wor 
whofe  extremities  p,  s,  will  be  the  north  and"  fouth  poles. 

3d.  For  the  parallels  of  declination.  On  the  primitive  circle,  beginni 
at  e  and  q^,  lay  off  the  chords  of  the  given  degrees  of  declination,  fi 
pofe  every  10  degrees,  and  alfo  the  diftances  of  the  tropics  and  po.\ 
circles  from  the  equator,  namely,  234°  and  664*:  Then  from  the  cen 
V  in  the  axis  ps  produced,  apply  the  refpective  fecailts  of  the  comp  \ 
ments  of  the  degrees  laid  on  the  primitive,  and  thefe  will  give  the  a 
tres  of  the  correfponding  parallels  of  declination ;  from  which  centr 
with  the  extents  to  the  feveral  divifsons  in  the  circumference,  defcri  1 
the  fmall  circles  (456)  10,  10  ;  20,  20;  ftfr.j  and  thefe  will  be  the  t 
rallels  of  declination  required :  Among  which  a  2E,  b  >f ,  are  the  tropi 
of  Cancer  and  Capricorn;  and  cc,  ddt  the  artic  and  antartic  polar  circl 

4th.  For  the  circles  of  right  afcenfion^  or  hour  circles.  In  the  diame! 
reproduced,  lay  off  from  the  centre  T,  both  ways,  the  tangents 
15%  300,  450,  6o°,  75%  refpectively,  and  they  will  give  the  centres 
circles  to  be  defcribed  thro'  p  and  s,  and  cutting  the  equator  in  the  poi 
reprefenting  the  24  hours ;  the  folftitial  colure  being  the  12  o'clock,  s\ 
the  equinoctial  colure,  ps,  the  6  o'clock  hour  circles.  And  in  li 
manner  may  any  other  of  thefe  kind  of  circles  be  drawn.  (4«(j 

5th.  The  ecliptic  25  V?  is  drawn,  making  with  the  equator  an  anJ 
of  234°  ;  whofe  poles  c3  d>  are  the  interferons  of  the  polar  circles  wl 
the  folftitial  colure. 

6th.  Parallels  of  celeflial  latitude  are  drawn  parallel  to  the  ecliptic,  in 
lame  manner  as  the  circles  of  declination  are  drawn  parallel  to  the  equatl 

7th.  Circles  of  celeflial  longitude  are  defcribed  thro'  c3  d,  the  poles 
the  ecliptic,  in  the  fame  manner  as  the  circles  of  right  afcenfion  were  4 
fcribed  thro'  P,  s,  the  poles  of  the  equator;  and  thus  were  thedivifnf 
of  the  ecliptic  found  that  are  marked  with  the  figns. 

8th.  The  horizon  is  reprefented  by  drawing  a  diameter  hr  making  1 
angle  with  the  axis  ps,  equal  to  the  latitude  of  the  place ;  and  the  pc* 
of  the  horizon  z,  n,  the  zenith  and  nadir,  are  at  900  dift.  from  thecin  • 

9th.  Azimuth,  or  vertical  circles^  making  any  angle  with  the  meridi  . 
are  defcribed  like  circles  of  right  afcenfion  :  Thus  zn  is  the  prime  vc:L 
cal,  and  zan  is  another  azimuth,  450  from  the  fouth. 

10th.  AlmicantberS)  or  parallels  of  'altitude ,  are  in  this  projection  dra  1 
parallel  to  the  horizon,  in  like  manner  as  were,  the  circles  of  declinatt 
drawn  parallel  to  the  equator,  9  ' 
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]q.  PROBLEM    II. 

To  projecl  the  fpbere  upon  the  plane  of  the  horizon. 

In  this  projection  the  eye  is  fuppofed  in  one  of  the  poles  of  the  ho- 
kon,  or  plane  of  projection.     Plate  IX.  Fig.  5. 

;  ift.  The  horizon  is  reprefented  by  the  primitive  circle,  where  the  upper 
ii  is  the  fouth,  the  lower  xn  the  north,  e  theeaft,  and  o^the  weft  points. 

2d.  The  azimuth  circles  are  reprefented  by  diameters  drawn  thro'  z,  the 
<;ntre  or  pole  of  the  horizon  :  Thus  the  diameter  xn,  xn  is  for  the  med- 
ian, and  ezo^  for  the  prime  vertical ;  and  other  azimuth  circles,  form- 
ig  any  angle  with  the  meridian,  are  readily  drawn  by  laying  off  their 
cjrances  in  the  primitive  from  the  north  or  fouth  points. 
I' 3d.  Parallels  of  altitude  are  concentric  to  the  primitive,  and  are  de- 
jribed  about  the  pole  z  with  the  half  tangent  of  their  diftance  from  it : 
thus  the  fmall  circle,  whofe  diameter  is  a  h,  is  a  parallel  of  altitude  io* 
love  the  horizon,  or  at  8o°  diftant  from  its  pole  z. 
:4th.  The  equinocliaFs  diftance  from  the  zenith,  is  equal  to  the  latitude 
t  the  place,  and  therefore  this  circle  makes  with  the  horizon  an  angle, 
Jj.li.ch  is  meafured  by  the  complement  of  the  latitude ;  then  fetting  off 
J)m  the  centre  z,  in  z  xu  continued,  the  tangent  of  500  (the  latitude 
i  this  example  being  40"),  it  will  give  the  centre  of  the  circle  eaq^, 
forefenting  the  equinoctial ;  and  the  half  tangent  of  500,  fet  the  fame 
iiy  from  z,  will  give  P,  the  pole  of  the  world. 

,l5th.  The  fix  o'clock  hour  circle  paffes  thro'  the  poles  of  the  world,  mak- 
wi  with  the  horizon  an  angle  equal  to  the  meafure  of  the  latitude  ; 
gbrefore  taking  in  the  meridian  from  z  towards  a,  the  tangent  of  the 
litude  400,  it  gives  g,  the  centre  of  the  6  o'clock  hour  circle  epq. 
1 6th.  The  hour  circles  pafs  thro'  the  poles  of  the  world,  and  make  with 
f^e  another  angles  of  15  degrees  :  Therefore  (435)  in  a  line  de,  drawn 
tro'  g  at  right  angles  to  the  meridian,  fet  off  on  both  fides  of  g  the  tan- 
■nts  15%  300,  45%  6o°,  750,  to  the  radius  pg,  and  they  will  give  the 
qjntres  of  the  feveral  hour  circles  palling  thro'  P,  cutting  the  horizon  and 
ptainodtial  in  the  hour  points. 

»47th.  The  polar  circles,  tropics,  and  other  circles  of  declination,  are  de- 
libed  parallel  to  the  equinoctial,  about  its  pole  P,  at  given  diftances 
f  >m  it,  either  by  finding  the  centres  of  fuch  parallels  as  fhewn  in  art.  454  ; 
a  by  fetting  off  on  each  fide  of  z  the  half  tangents  of  their  greateft 
ad  leaft  diftances  from  z  ;  then  the  middles  of  thofe  intervals  are  the 
<htres  fought.  Thus;  the  artic  circle  is  dift.  from  P  23^°;  then  to, 
|jd  from,  zp  —  50°,  add  and  take  234 °,  gives  73I*  and  2640  ;  the  half" 
tigents  of  thefe  fet  off  from  z,  gives  p  and  q  j  then  a  circle  being  de- 
fiibed  on  the  diameter  p  q  is  the  artic  circle. 

In  like  manner  will  the  centres  of  the  tropic  of  Cancer  c  ss  c ,  and  of 
Cpricorn  d>? d,  be  obtained. 

$th.  The  northern  portion  of  the  ecliptic  vas^  is  defcribed  from  a  centre 
$ant  from  z  towards  p,  the  tang,  of  73^,  =Z.the  ecliptic  makes  with  the 
hrizon. 

9th.  Circles  of  longitude  T />=&,/«, pu,  p ft,  p HE,  are defcribed  thro' 
^  the  pole  of  the  ecliptic,  from  centres  in  the  line  bfc  ;  in  like  manner 
ajthe  hour  circles  were  defcribed  thro'  p,  the  pole  of  the  equator. 

N  n  n  2  10th. 
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ioth.  Circles  of  cele/lia!  latitude,  vni  q  vi,  are  defcribed  about  p,  as  tli 
circles  of  declination  were  defcribed  about  P,  the  pole  of  the  "equinoclia 

970.  PROBLEM     III. 

To  projecl  the  fphere  upon  the  plane  of  the  equator. 

In  this  projection  the  eye  is  fuppofed  to  be  in  one  of  the  poles  of  tb 
equator,  fuppofe  in  the  fouth  pole,  and  projecting  the  north  hemifphen 
Plate  IX.  Fig.  6. 

1  ft.  T7ie  equator  is  reprefented  by  the  primitive  circle,  whofe  centf 
and  pole  is  p. 

2.d.  The  hour  circles  are  exprefled  by  diameters  making  angles  of  15 
with  one  another  ;  of  which  xu  P  xn  is  the  meridian,  or  folftitial  cc 
lure,  and  vi.p  vi  the  6  o'clock  circle,  or  equinoctial  colure. 

3d.  Circles  of  declination  are  circles  parallel  and  concentric  to  the  equa 
tor,  defcribed  from  its  centre  with  radii  equal  to  the  half  tangents  c 
their  feveral  diftances  from  the  pole  p,  or  half  co-tangents  of  their  de 
grees  of  declination:  Thus/>j  the  artic  circle,  and  ass  the  tropic  ( 
Cancer,  are  defcribed  with  the  half  tangents  of  234°  and  66i8  refpec 
tively;  and  fo  of  the  others. 

4th.  The  ecliptic  making  an  angle  of  2340  with  the  equator  ;  therefoi 
the  tangent  of  thefe  degrees  laid  from  P  towards  a  will  give  the  centre  fc 
defcribing  the  ecliptic  ts^,  whofe  pole  p  is  in  the  polar  circle. 

5th.  Circles  of  longitude  are  defcribed  thro'  />,  the  pole  of  the  ecliptic 
in  like  manner  as  the  hour  circles  were  defcribed  thro'  P,  the  pole  of  th 
equator  in  the  laft  problem  j  and  thus  were  the  divifions  b,  n,  Si,  ty 
obtained. 

6th.  Circles  of  celcjlial  latitude  are  projected  in  the  fame  manner  s 
the  circles  of  declination  in  the  laft  problem. 

yth.  The  horizon  of  any  place,  fuppofe  of  London,  being  inclined  < 
the  equator  in  an  angle  equal  to  the  co-latitude,  380  28' ;  the  tangen 
of  this  laid  from  P  towards  25,  and  the  half  tangent  laid  from  p  to  5 
will  give  the  centre,  and  z  the  pole,  of  the  horizon  hor. 

8th.  The  prime  vertical  hzr  making  an  angle  with  the  equator  equ. 
to  51°  32%  the  latitude  of  the  place,  its  centre  is  found  by  laying  tl 
tangent  of  510  32'  from  p  towards  o. 

9th.  Azimuth  circles,  making  given  angles  with  the  meridian  zo,  ai 
thus  defcribed  :  In  a  line  drawn  thro'  the  centre  of  the  prime  vertical,  ; 
right  angles  to  the  meridian,  take  diftances  from  that  centre,  equal  totf 
tangents  of  the  propofed  azimuth  angles,  the  femidiameter  of  the  prim 
vertical  being  the  radius,  thofe  diftances  give  the  centres  fought  j  ar. 
thus  was  the  azimuth  circle  za  defcribed. 

ioth.  Parallels  of  altitude  are  defcribed  about  z,  the  pole  of  the  h( 
rizon,  at  the  diftances  of  the  co-altitudes,  in  the  fame  manner  as  we)1 
{he  circles  of  declination,  in  the  laft  problem,  defcribed  about  p,  thepo 
of  the  equator  j  and  thus  was  the  fmall  circle  v  b  vu  defcribed  at  10°  d 
ftant  from  the  horizon,  or  8c°  diftant  from  its  pole  z, 
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i.  PROBLEM    IV. 

51?  projeSi  the  fphere  upon  the  plane  of  the  ecliptic. 

The  eye  is  here  fuppofed  to  be  in  one  of  the  poles  of  the  ecliptic,  and 
ience  feeing  the  northern  hemifphere  projected.     Plate  I^X.  Fig.  7. 

1  ft.  The  ecliptic  is  here  reprefented  by  the  primitive  circle,  whofe  cen- 
\t  p  is  the  pole  of  the  ecliptic. 

2d.  Circles  of  longitude  are  herein  fhewn  by  diameters  ;  thofe  making 
iigles  of  300  with  one  another,  being  drawn  thro'  the  divifions  marked 
Mth  the  figns  of  the  zodiac. 

3d.  Parallels  of  celeflial  latitude,  are  circles  defcribed  about  p  concen- 
lc  to  the  ecliptic ;  fuch  is  the  fmall  circle  whofe  diameter  is  a  b,  re- 
lefenting  the  parallel  of  10°  of  latitude. 

[{4th.  The  equator  making  an  angle  with  the  ecliptic  of  234°;  there- 
j're  the  tangent  of  this  inclination  laid  from  p  towards  as,  will  give  the 
^ntre  of  the  equator  vxii^;  and  the  half  tangent  of  23!°  laid  from 
a  the  fame  way,  gives  p  for  the  pole  of  the  equator. 
r  5th.  The  equinoclial  colure,  which  here  makes  the  fix  o'clock  circle,  makes 
;i  angle  with  the  ecliptic  of  66\°t  therefore  the  tangent  of  66~°  laid 
torn  p  towards  >f ,  gives  the  centre  of  the  6  o'clock  circle  TP&. 
1 6th.  Hour  circles  pafling  thro'  P,  and  making  angles  of  150  with  one 
4 other,  are  defcribed  from  centres,  found  in  a  right  line  pafling  thro*  the 
intre  of  vp^,  and  drawn  at  right  angles  to  the  folftitial  colure  espy?  ; 
f  laying  off  in  that  line  the  tangents  of  15?,  300,  45%  6o%  75%  reck- 
iied  from  the  centre  of  tp^,  on  both  fides,  the  femidiameter  of  this 
trcle  being  the  radius.  Thefe  hour  circles  cut  the  equator  in  the  hour 
tents. 

I 7th.  Parallels  of  declination,  fuch  as  the  tropic  of  Cancer,  and  artic 
ircle,  whofe  diameters  are  12,  12,  andpq,  are  defcribed  by  laying  off 
frm  p  the  half  tangents  of  their  greateft  and  leaft  diftances :  Thus  q  be- 
feg  diftant  from  p  47%  make  pq-=.\  tang,  of  470,  the  middle  of  p  q  will 
k  the  centre  of  the  polar  circle. 

';  8th.  The  horizon  hor  is  to  make  an  angle  with  the  ecliptic  equal  to 
le  diff.  between  the  co-lat.  and  the  obliquity  of  the  ecliptic,  when  p  is 
lioje&ed  to  the  north  of  p ;  otherwife,  that  angle  is  equal  to  the  fum  of 
s^ofe  quantities.  And  for  London,  where  the  faid  diff.  =  (380  28'-— ■ 
|j°  20/  ==)  140  59',  the  tangent  of  149  59'  gives  the  centre  of  hor, 
ad  the  half  tang,  gives  z  the  zenith. 

1,9th.  The  prime  vertical  hzr  is  defcribed,  by  laying  from p  towards  o 
|£  cotangent  of  p  z  for  a  centre. 

I  ioth.  Azimuth  circles  are  defcribed  thro'  z,  making  given  angles  with 
;le  meridian  zo,  by  finding  their  centres  in  a  line  drawn  thro'  th« 
i:ntre  of  hzr,  in  the  manner  defcribed  for  the  hour  circles,  art.  969. 
;  nth.  Parallels  of  altitude  are  reprefented,  by  describing  fmall  circles 
ijirallel  to  the  horizon  hor,  at  given  diftances  from  it;  or,  which 
Kates  to  the  fame,  defcribing  fmall  circles  about  the  polez,  at  diftances 
jjual  to  the  complements  of  the  given  altitudes  :  And  thus  the  circle 
<ic  was  defcribed  for  a  parallel  of  33°  of  altitude. 

SECTION 
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SECTION    V. 

Problems   of  the  fphere. 

972.  PROBLEM    V. 

Given  the  fun's  longitude,  and  the  obliquity  of  the  ecliptic  j 

Required  the  fun's  right  afcenfion  and  declination. 

Exam.  Let  the  obliquity  of  the  ecliptic^  or  the  fun's  greateft  declinatm 
be  2  30  29/,  and  the  fun's place  be  13'  16'  in  Taurus :  Required  the  reji  ? 

Construction. 

In  the  primitive  circle  PESQj-eprefenting  the  plane  of  the  folftitial  co, 
lure,  whofe  centre  is  nr,  draw  a  diameter  EQ^for  the  equator,  and  al' 
right  angles  to  EQjdraw  a  diameter  ps  for  the  equinoctial  colure  :  Maki 
E  25  =  230  29/,  and  draw  a  diameter  25  Vf  for  the  ecliptic,  in  whicl 
(44.7)  take  TO  =  430  16'  for  the  fun's  diftarice  from  the  point  Y 
Thro'  pOs  defcribe  (163)  a  circle  of  right  afcenfion. 

Computation.     See  art.  513,  514. 
In  the  right  angled  fpheric  triangle  T0B. 
Given  fun's  longitude         <rO     -±  43*  16'  ?Req.  right  afcen.  «Pff 
greateft  declinat.  Z.0TB  =  23   29    )  pref.  declin.  B0 

To  find  the  prefent  declination. 
As  Radius  —  r  10,00000 

To  f.  fun's  loa.   r=  430  16'     9,83594 
So  f.  great,  decl.  :=  23   29      9,60041 


Tof.  pref.  decl.  —   15   51      9.43635 


To  find  the  right  afcenfion. 
As  Radius  —  r  io,oooo( 

To  t.  fun's  Ion.  —  430  16'     9,97371 
So  cof.  obi.  eel.  =  23    29      9,96z4t 

To  t.  rt.  afcen.  —  40   4S      9,9361* 


973.  While  the  fun  is  moving  from  <v  to  25,  oris  in  the  firft  quadrani 
of  the  ecliptic,  the  given  longitude  is  the  hypothenufe  in  the  triangle 
tOb,  the  declination  b©  is  north,  and  tb  is  the  right  afcenfion. 

974.  When  the  fun  has  paft  the  folftice  25,  and  is  defcending  towards 
€±)  he  is  then  faid  to  be  in  the  fecond  quadrant,  and  his  longitude  01 
diftance  from  T-  being  taken  from  1800,  the  remainder  =£=©  becomes  the 
hypothenufe,  and  the  declination  is  ftill  north  ;  but  the  arc  b=^  found  foi 
the  right  afcenfion,  is  only  the  fupplement,  and  muft  therefore  be  taken 
from  1800. 

975.  The  fun  having  paft  the  point  =£t,  and  defcending  towards  Jtf,  is 
got  into  the  third  quadrant;  the  longitude  then,  reckoned  from  vy  will 
be  greater  than  1800:  In  this  cafe  the  excefs  above  180",  or  the  diftance 
the  fun  is  removed  from  =&,  will  be  the  hypothenufe  =g=G  ;  the  declina- 
tion will  be  fouth;  and  the  arc  =o=A,  found  for  the  right  afcenfion,  mufl 
be  added  to  1800,  to  give  the  right  afcenfion  eftimated  from  v. 

976.  When  the  fun  has  paft  the  folftice  Vf,  and  is  afcending  towards 
ty,  he  is  then  in  the  fourth  quadrant;  therefore  the  longitude  is  greatel 
than  270s,  and  muft  be  taken  from  3600,  to  give  the  hypothenufe  =£©■ 
Herein  the  declination  is  fouth,  and  the  right  afcenfion  =c=  a,  found  by  the 
proportion,  muft  be  taken  from  3600,  to  give  the  right  afcenfion  from  <Y\ 

977.  At  equal  diftances  from  the  equinoctial  points  <r  or  &,  the  fun 
will  have  equal  quantities  of  declination ;  but  will  be  of  different  namesj 
according  as  it  is  on  the  north  or  fouth  fides  of  the  equinoctial, 

978. 
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k  P  R  O  B  L  E  M    V. 

Given  the  obliquity  of  the  ecliptic,  and  the  fun's  prefent  declination  • 
Required  the  fun's  longitude  and  right  afcenfion. 
Exam,  The  obliquity  of  the  ecliptic  being  230  20/,  ivhat  is  the  fun's  Ion- 
t'ude  and  right  afcenfion  when  he  has  11°  43'  of  north  declination  ? 

Construction. 
Having  defcribed  the  folftitrsl  colure,  drawn  the  equator  eo,  the  axis 
It,  and  the  ecliptic  ssvp,  as  before;  makeEn,  o^»,  equal  to  the  given 
iclination,  and  (3d  968)  defcribe  the  parallel  of  declination  n  n,  its  inter- 
idEHon  with  the  ecliptic  gives  0  the  fun's  place j  thro'  p$  G>  s,  defcribe 
ie  circle  of  right  afcenfion  P0s. 

Computation.    See  art.  516,  517. 
In  the  right  angled  fpheric  triangle  <y  ©  b. 
Given  fun's  greateft  decl. L.  O  Y  b  =:  230  29'  )  Required  fun's  longit.  V  © . 
prefent  decl.    Ob    =20435  rt.  afcen.  TBv 


To  find  the  fun's  longitude. 
if.  ©  great  decl.  =  23°2c/  0,39959 
3  fin.  pref.  decl.  =:  20  43  .  9,54869 
1  Radius  =  r         io,co6oo 


Dfin.  G  longit.  =  62  35    9,94828 


To  find  the  fun's  right  afcenfion. 
As  Radius  =  r  10,00000 

To  cot.gr.  decl.  =  23°29'  10,36204 
Sotan.pref.dec3.  =:  20  43     9,57772 

To  fin.  rt.  afcen.  :=  60  31      9,93976 


Therefore  the  fun  is  in  n  20  35',  or  in  25  270  25',  according  as  thfc 
rie  of  the  year  is  before  or  after  the  fummer  folftice. 


r9.  PROBLEM     VII. 

Given  the  obliquity  of  the  ecliptic,  and  the  fun's  right  afcenfion; 
i  Required  the  fun's  longitude  and  prefent  declination, 

;|Exam.  When  the  fun's  right  afcenfion  is  6o°  31',  what  is  his  longitude 
m  prefent  declination,  the  greatejl  declination  being  230  29'  ? 

Construction. 
t  The  folftitial  colure,  equator,  axis  and  ecliptic  being  defcribed,  as  be- 
[lire,  make  Yb   =  given  right  afcenfion  (4th  968),  and  defcribe  the 
irele  pbs,  cutting  the  ecliptic  in  G  the  fun's  place. 
Computation. 
In  the  right  angled  fpheric  triangle  TG  b  ;  the  leg  Yb  and  Z.G  Vb  be- 
ig  known,  the  hypoth.  YO5  and  other  leg  0b,  are  found  as  in  art. 
,20,  521. 


sRad  :  cot.  gr.  decl.  : :  cot.  rt.  afcen. 

[;  cot.  G  long. 
sRad  :  cot.  23*  29'  :  :   cot.  6o°  31' 

[  :  cot.  620  35'. 


As  Rad  :  tan.  gr.  decl.  : :  fin.  rt.  afcen. 

[  :  tan.  pr.  decl. 
As  Rad  :  cot.  230  29'  :  •  fin.  6o°  31' 

[  :  tan.  200  43'. 


Three  other  problems  may  be  formed  out  of  the  four  things  con- 
:rned,  or  greateft  declination,  prefent  declination,  longitude  and  right 
cenfion  :  But  thefe  being  of  little  more  importance  than  as  an  exercife. 
t  right  angled  fpheric  triangles,  they  are  therefore  omitted. 
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980.  PROBLEM    VIII. 

Given  the  latitude  of  the  place,  and  the  fun's  prefent  declination ; 
Required  the  fun's  altitude  and  azimuth  at  6  o'clock. 

Exam.  Jt -London,  in  Vat.  51®  32' JV.,  on  the  longejl  day,  "When  the  J 
declination  is  230  29'  .•  Required  the  fun's  altitude  and  azimuth  at  6  o\ 
in  the  morning  or  evening  ? 

Construction. 

Defcribe  the  meridian^  draw  the  horizon  hr,  and  prime  vertical  3 
make  rp  =  latitude  5 id  32'  N. ;  draw  the  6  o'clock  hour  circle  ps* 
equator  eq^,  the  23°  29/  N.  parallel  of  declination  nm,  cutting  th 
o'clock  hour  circle  ps  in  ©  ;  and  thro'  z,  ©,  n,  defcribe  the  azirnf 
circle  z  On,  cutting  the  horizon  in  a  j  then  the  things  given  and' 
quired  fall  in  either  of  the  triangles  z©p  or  T  ©a,  they  being  fupr. I 
mental  triangles  one  to  the  other. 

Computation. 

In  the  fpheric  triangle  z©  p,  right  angled  at  p.  (5: 

Given  the  co-latit.  zp  =  380  28'  I  Required  the  co-altitude     z© 

the  co-decl.  O  p  ==  66   31  3  the  azimuth  Z.  ©  zP 

Or  in  the  fpheric  triangle  TAG,  right  angled  at  a.        (513?  5 

Given  the  latit.  AVO  =  51°  32'  1  Required  the  altitude       A0. 

the  decl.    TO    =  23  29  J  the  co-azimuth  Ta. 


,  To  find  the  altitude  A©. 
As  Radius  r=  R   ,        .  10,00000 

To  fin.  decl.       =  230  29'     9,60041 
So  fin.  lat.          =  51    32      9,89375 


To  fin.  alt.        =  18    11      9,494.16  J  To  cot.  azim.     r=  74  53     9,43k 


To  find  the  azimuth  ar; 
As  Radius  zh  R  10,00c 

To  cof.  lat.        zz  510  32'    9,793 
So  tan.  decl.       rz  23    29     9,63; 


For  the  arc  ar"  meafures  the  Z.Rza,  the  azimuth.  (3c; 

981.  On  the  fhorteft  day  at  London,  the  parallel  of  S.  declination  c 
the  6  o'clock  hour  circle  below  the  horizon  j  and  as  the  triangles  Y  a  \ 
VcO,  are  congruous,  the  depreffion  below  the  horizon,  on  the  fhortr 
day,  at  6  o' clock*  will  be  equal  to  the  altitude  at  the  farne  hour  on  t 
longeft  day  j  and  the  azimuth  will  be  alfo  equal,  if  eftimated  from  t 
fouth. 

So  that  on  the  2 1  ft  of  June,  at  London,  the  fun  will  bear  N.  74°  53' 
at  6  o'clock  in  the  morning,  and  N.  740  53'  W.  at  6  in  .the  evenin1 
But  on  the  21ft  of  December,  at  the  fame  hours,  it  will  bear  S.  7 
53'  E.,  and  S.  74-53' W. 

982.  From  a  due  confideration  of  this  problem  it  is  evident,  that  as  t 
declination  increafes,  the  altitude  increafes  and  the  azimuth  leffens ;  ai 
the  contrary  happens  while  the  declination  is  diminifhing  :  So  that  ont. 
days  of  the  equinoxes,  or  when  the  fun' has  no  declination,'  the  altitU' 
at  6  o'clock  will  be  nothing,  or  the  fun  will  be  in  the  horizon  ;•  and  tl 
azimuth  being  then  90  degrees,  the  fun  will  bedue.eaft  in  themornir) 
and  weft  in  the  evening;  that  is,  on  the  days'  of  th«  equinoxes  the  fi 
rifes  and  fets  at  fix,,  in  the  eaft  and  weft  points  of  the  horizoril* 
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,83.  PROBLE  M     IX. 

Given  the  latitude  of  the  place,  and  the  fun's  declination  ; 
Required  the  altitude  and  hour  when  the  fun  is  due  eaft  or  weft. 

!.  ExaM.  At  London,  in  lat.  510  32'  iV.,  zvhat  is  the  fun  s  altitude,  and 
\be  hour  when  he  is  due  eaji  or  VJefl,  on  the  longejl  day,  or  when  the  dedi~ 
ation  is  230  29"  N.  ? 

Construction. 
Defcribe  the  primitive  circle  to  reprefent  the  meridian  cf  London* 
raw  the  horizon  HR,  and  the  prime  vertical  zn;  make  R?  —  510  32^ 
le  given  latitude,  draw  the  6  o'clock  hour  circle  PS,  the  equator  e.o^, 
le  parallel  of  declination  nrn  (3d  068),  cutting  the  prime  vertical  in  Gy 
nd  thro'  POs  defcribe  (163)  the  hour  circle  pos,  cutting  the  equator 

1  A. 

Here  the  things  concerned  in  the  problem  fall  in  either  cf  the  triangles} 
zO  01  TAG. 

Computation. 
In  the  fpheric  triangle  pz0,  right  angled  at  z. 
Given  the  co-latit.  pz  =  380  28'  /  Required  the  co-alt.  zo« 

the  co-decl.  p  O  =  66   31    )  the  hour  fr.  noon^-ZP©. 

Or  in  the  fpherical  triangle  va0,  right  angled  at  a.  | 
Given  the  latit.  £AV0  ==  510  32'  }  Required  the  altitude         <r0. 
the  decl.      aO      ±=  23  29    $  the  hour  after  6  ta. 

To  find  the  hour  after  6. 
As  Radius  —  r  10,00000 


To  find  the  altitude  T0.    (516) 

Mat.  /LatO  =  5i°32/    0,10625 

fin.  decl.  aO    =  23  29     9,60041 

)  Radius  zsz  r  io,ocooo 


0  fin.  alt.  <y*G   ±:  30  36     9,70666 


To  cot.  lat.  a  <y  O  =  5l°32/   9,90009 
So  tan.  decl.  aG  —  23    29    9,63796 

To  f.  h.  fr.  6  at  s  20    12    9,53805 

Which  20°  12"  converted  into  time  (060)^  gives  1  h.  20  m.  48  f.  for 
e  time  after  6  in  the  morning,  and  before  6  in  the  evening,  when  the 
in  will  appear  due  eaft  and  weft;  which  will  be  at  7  h.  20  m.  48  f.  in 
;e  morning,  and  4h.  39  m.  12  f.  in  the  afternoon. 

Or,  The  compl.  of  20°  12',  viz.  69°  48'  put  into  time,  which  gives 

1*  39  m..  12  f.,  fhews  the  time  before  and  after  noon  when  the  fun  will 

due  eaft  or  weft. 

984;  This  pro'blem  worked  for  the  fhorteft  day,  namely  in  the  A<TaOr 
hich  is  congruous  to  TA0,  would   give  the  fun's  depreflion   at  the 
ne  when  he  was  eaft  or  weft,  which  would  be  before  6  in  the  morn- 
l  and  after  6  in  the  evening,  by  as .  much  as  was  found  above,  viz. 
i.  20  rri.  4#  f. 

985.  By  this  problem  it  appears,  that  when  the  latitude  of  the  place 
d  the  fun's  declination  have. the  fame  name,  then,  the  greater  the  de- 
nation  and  latitude,  the  greater  the  altitude  and  time  from  6  :  And, 
living  contrary  riames^'  the  fame  things  happen1 ;  but  with  this  difference, 
at  in  the  former  cafe  the  days  lengthen  on  account  of  the  increafe  of  trte 
itude  and  declmattos ;  whereas,  in  the  latter  cafe,  the  days  ftiorten  on 
at  account. 

Q  o  &  986. 
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986.  P  R  Q  B  L  EM    X. 

Given  the  latitude  of  a  place,  and  the  fun's  declination ; 
Required  his  amplitude  and  afccnfional  difference. 

Exam,  At  London,  whofe  lat.  is  510  32'  N.r  in  the  year  1753,  on  t* 
2ljf  of  June,  being  the  longeji  day,  when  the  fun' V  declination  is  230  29' N. 
How  far  from  the  north  does  the  fun  rife  and  fet,  at  what  time,  and  wht 
is  the  length  of  the  day  and  night  ? 

Construction. 
Let  the  primitive  circle  reprefent  the  meridian  of  the  place,  and  th 
diameter  hr  the  horizon i  from  r,  the  north  point  thereof,  take  rp  4 
510  32'  for  the  latitude,  draw  the  axis  or  6  o'clock  hour  circle  ps,  ar 
at  right  angles  to  it,  draw  the  equator  EQ^i  make  eh,  Qjn  =z  23"  2< 
the  declination,  and  (3d  968)  defcribe  the  parallel  of  declination  nm,  cu 
ting  the  horizon  in  0  the  place  of  the  fun  at  its  rifing  and  fetting 
thro'  which  defcribe  (163)  the  hour  circle  p©s. 

Computation. 
Now  as  the  arc  <>R  =  co-latitude,  meafures  (he  £.§y  R. 
In  the  fpheric  triangle  y  ®  a,  right  angled  at  a. 
•   Given  fun's  decl.    a  \*     e=  230  29'  /Required  the  amplitude    -XJj&l 
co-latit.  Z.AV0  as  38  28  )  the  afcen.  diff.   V&- 


Asf.co-l.XAY,©=  5i°3z/  0,20617 
To  fin.  decl.  a0  rr  23  29  9,60041 
So  Radius  —  r  io,oooco 

fc 111        ■  r 

To  fin.  amp.  V0  ~  39,  50    9.80658 


To  find  the  amplitude  T®. 

This  390  50'  is  the  amplitude  reck 
oned  from  the  eaft  or  weft  points  c 
the  horizon  :  But  its  complemer 
5©0  10'  fhews  how  far  from  th 
north  the  fun  rifes  or  fets  on  th 
longeil  day  at  London. 


As  Radius  —  r. 

To  t.  lat.  Z.  a  To  ~  5  [°  3  j ' 

So  tan.  decl.  a  0  rr  23   29 

To  f.  af.  diff.  IT  a  —  33  09 


To  find  the  afcnfional  difference  f  A. 


io,coooo 

10,09991 

9,63796 


Which  3  30  09' converted  intotimt 
(960)  gives  2h.  12  m.  36  f.  for  th 
time  which  the  fun  rifes  before,  an 
fets  after,  the,  hour  of  fix  on  th 


9>73/S7  , 
. longeft  day, 


987.,  Suppofe  r  s  to  be  a  parallel  of  declination  as  far  fouth,  as  m 
is  north  ;  then  the  hour  circle  pes,  pafling  thro'  ©  the  place  of  the  fu 
at  its  rifing  or  fetting,  will  form  a  triangle  T®jz i  =  a  T0a,  where  th 
amplitude  is  to  the  fouthward  of  the  eaft  and  weft  points. 

9,88.  Hence  it  is  evident,  that  whm-.  the  latitude  and  declination  hat 
the- fame- name,  the  fun-  vifs  before*,  and  fets  after  b  :  But.  when  of  contra* 
names,  the  fun.  rifes  after,  and  feis  befo.ru  b. 

.    3  98c 
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989.  And  as  the  fun  defcribes  the  parallel  of  declination  nm  in  24 
hours,  being  at  n  when  it  is  noon,  and  at  ?«  when  it  is  midnight ;  there- 
fore the  time  in  pafling  from  wto  ©,  or  the  time  of  riling,  being  dou- 
bled, gives  the  length  of  the  night ;  and  the  time  of  letting  being  dou* 
bled,  rauft  give  the  length  of  the  day. 

Then  to,  and   from  6h     cm    of 

Add  and  fubtradt  the  afcen.  differ.       2     12    36 

Sum,  gives  ©  fetting 

Diff.  gives  0  rifing 

Length  of  day  is 

Length  of  night  is 

990.  But  when  it  is  the  fhorteft  day  at  London,  which  is,  when  the 
fun  has  230  29'  fouth  declination  ;  then  the  lengths  of  the  day  and  night 
change  places  t  the  day  being  7  h.  34  m.  48  f.  long,  and  the  night  16  k 
25  m.  I2f. 

991.  When  the  latitude  and  declination  have  the  fame  name,  the  dif» 
ference  between  the  right  afcenfion  and  the  afcenfional  difference,  is  the 
oblique  afcenfion  ;  and  their  fum  is  the  oblique  defcenfion. 

But  when  they  are  of  contrary  names,  their  fum  is  the  oblique  afcen- 
(ion,  and  their  difference  is  the  oblique  defcenfion. 

992.  When  the. declination  is  equal  to  the  co-latitude  of  any  place 
(which  can  only  happen  to  places  within  the  polar  circles),  then  the  pa- 
rallel of  declination  will  not  cut  the  horizon,  and  confequently  the  fun 
will  not  fet  in  thofe  places  during  the  time  his  declination  exceeds  the 
co-latitude  :  And  the  fame  may  be  faid  of  the  ftars,  every  one  of  which, 
whofe  co-declination,  or  polar  diftance,  is  not  leis  than  the  latitude; 
or,  which  is  the  fame  thing,  whofe  declination  is  not  lefs  than  the  co- 
latitude  of  a  place,  thofe  ftars  will  never  defccnd  below  the  horizon  of 
[that  place.  But  this  is  to  be  only  underflood,  when  the  fun  or  ftars  are 
in  the  fame  hemifphere  with  the  given  place ;  for  when  the  fun  or  ftars 
are  in  a  contrary  hemifphere  with  any  place,  whofe  co-latitude  does  not 
exceed  the  declination  of  thofe  celeftial  objects,  then  will  they  never 
rife  above  the  horizon  of  that  place,  and  confequently  are  never  vifible 
there. 
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£93,:,  PR.OB  L  E  M    XI. 

•    Given  the  latitude  of  a  place,  the  fun's  declination  and"  altitude ; 
Required  the  hour  from  noon,  and  the  fun's  azimuth. 

Ex-AM.  In  the  latitude  of  510  32'  jV.  the  fun's  altitude  was  obferved  tt 
be  460  20',  when  bis  declination  vjds  1^°  29'  N.  :  What  was  the  fur? s  az\-> 
muth,  and  the  hour  ivhen  the  ohfervation  was  made  ? 

Construction. 
Let  the  primitive  circle  zrnh  reprefent  the  meridian  of  London,  HR 
the  horizon,  zw  the  prime  vertical ;  make  rp  rr  510  32'  the  height  of 
the  pole  at  London  (957),  draw  the  axis  PS,  and  the  equator  eq^     Lay 
off  the  declination  E  n,  Qjn,  23?  29'  N.  j  the  altitude  H  r,  R  j,  46*  20' jt!| 
and  (456)  defcribe  the'  parallel  of  declination  n  m,  and  the  parallel  of« 
altitude  r;,  cutting  one  another  in  ©  the  place  of  the  fun  at  that  time.  | 
Thro'  z,  ©,  N?  defcribe  an  azimuth  circle  z®N,  and  thro'  P,  ®,  s,  de- 
fcribe an  houi  circle  P©s  -  Then  the  angles  ©zp,  ©pz,  being  meafured 
(448),  will  give  the  azimuth  and  hour  from  noon  required. 

Computation. 
;         In  the  oblique  angled  fpheric  triangle  p®z. 

Given  the  co-lat.  zp  r=  38"?  28' 1  Required  the  azim.Z.®z>Ji 

...    the  co- alt.  or zen.  did.  z©  =  43  40   >  and  theh.fr. noon  L.QVZ. 
the  co-dec.  orpol.dift.®p  —  66   31   J  See  art.  550. 

To  find  the  azimuth  Z.®ZP. 

ThenCo-ar.  fin.  co-lat.  rr  380  2S'  0,20617 
£o-ar.  fin.  co-alt.  —  43  40  0,1608$ 
Sin  §  fans  co  decl.  &prr  35  5119,76774 
Sin.-diff.  co-dech&p  —  30   39^  9,70750 

1 

The  fum  of  the  four  logs. 


-Here  z©  =  43s  40 
.■zp  rr  38    2S 

!                      t 

p0.  —  66   31 
20-  zp  =    5    12 

71    4; 

rr  d. 
3  >    5 '  z 

3°    391 

"1 

61     1  c 

jnuth  fought,  reckoi 

ung  from  ll 

The  \  fum  gives  56°  30' 


19,84227. 


9,92113 


Which  doubled,  gives  1 1 30  30'  for  the  azj- 


%o  find  th c  hour  from  noon y  l/L®?z 
Here  p  0  —  66°  3  1 '' 

PZ     -    3S      2  3 


.Gz."  43   40 

p©  -pz  rr  28    03 

-d. 

7J    43 
•7^  ... 

35*S»i.' 

»5    37 

7  4«l 

—  66c 


V  0,03755- 


ThenCo-ar.  fin.  cp-uecl. 

Co-^r-  iin.  co-lat.       —  3S  28    o,2c6ij?i 

Sin . I  fum  co-declA-D  —  35  5 1  \ •  9,76774:. 

Sin.|  djlr.  eo-dech^D  rr    7  48}  9, 13509 


The  fum  of  the  four  logs.  19,14455 

The  |Tum  gives  210  56'  9.572271 

I    This  doubled,  gives  43"  52'  for  the  meafure  j 
of  the  hour  from  nopn,  'which  is  2  h.  55  m.  28  f. 

Hence  it  appears,  that  the  ohfervation  was  made  either  at  911:4111. 
32  i.  in  the  morning,  or  at  2h.  55  nr.  28  f.  in  the  afternoon. 

The  azimuth  being  firii  found,  the  hour  from  noon  might  have  bee,fl 
found  by  the  proportion  between  opnofuY  fides  and  angles. 

Had 


A  S  T  R'O  N'O'M  Y. 


469 


lad  the  declination  and  latitude  been  of  contrary  names,  the  fame 
d  of  operation  would  have  been  ufed  to  find  the  things  required  ;  only 
fide  G  p  would  have  been  obtufej  by  adding  the  declinat.  to  90°,  inftead 
fubtra&ing  it  as  in  the  cafe  of  the  lat.  and  decl.  having  like  names. 


PROBLEM    XII. 
jiven  the  latitude  of  the  place,  and  the  fun's  declination  ; 
Required  the  time  when  the  twilight  begins  and  ends. 

Exam.  At  what  time  does  the  twilight  begin  and  end  at  London  on  the 
ir!  of  May,  1753?  the  latitude  being  510  32'  N.9  and  the  declindtion  at 
&;  time  being  15  9  12'  N. 

Construction. 
,et  the  circle  zrnh  reprefent  the  meridian  of  the  place,  HR  the  ho- 
i:»n,  zn  the  prime  vertical,  and  /  s  a  fmall  circle  parallel  to  the  Iron- 
ic defcribed  at  18  degrees  below  it  (456);  lay  off  the  latitude  rp, 
hw  the  axis  PS,  the  equator  EQj,  and  defcribe  the  parallel  of  declination 
t.  (3d  968),  and  where  n  m  cuts  t  s  in  O,  is  the  fun's  place  at  the  time 
Ihe  beginning, or  end  of  the  twilight;  thro'  ©  defcribe  (163)  thever- 
■11  circle  z©n,  and  the  hour  circle  P0s  ;  then  the  Z.ZP©  being  mea- 
ud  (448),  will  give  the  time  before  or  after  noon  as  required. 

Computation. 

I  In  the  oblique  angled  fpheric  triangle  z  ©  P. 

Kiven  the  co-lat.  zp  =    380  28'  iReq. the  hour  fr.noonZ.=zPO 

the  polar  dift,  pO  =  74  48  >  The  manner  of  folution  is 
the  zenith  dill,  zq  =  108    00  )  the  fame  as  (hewn  in  art.  550. 


it 


P©   5= 

FZ    =     58    28 


74* 
3* 


G?   3= 
—  pz  =: 


2) 


108 
36 

00 

20 

=  D. 

H4 

20 

72°  jo' 

1 
71 

40 

35  5° 

Fhen  Co-ar.  fin.  polar  dift.  zr  74s 
G>ar.  fin.  co-latit.      —  38 
Sinevfumof  zen.d.&D  —  72 
Sine~diff.ofzen.d.&  i>  —  35 


48'  0,01547 
28  0,20617 
10  9,97861 
50    9,76747 


The  fum  of  thefe  four  logs:  19,96772 

The  half  fum  gives  74*  28'  9,98386 


Which  doubled  gives  1480  56'  for  Z.zp©. 
End  148°  56'  reduced  to  time,  gives  9h.  56  m'  either  before  or  after 
m\  ;  that  is,  the  twilight  begins  at  2  h.  04  m.  in  the  morning,  and 
eb  at  9  h.  56  m.  in  the  evening  on  the  ift  of  May  at  London. 

95.  When  the  declination  becomes  greater  than  the  difference  between 
th(co-latitude  and  18  degrees,  then  the  parallel  of  declination  nm  will 
nllcut  the  parallel  t  s  18  degrees  below  the  horizon,  and  confequently  at 
th;.  time  there  will  be  no  night  in  that  place,  but  the  twilight  will  con- 
titie  from  fuq-fetting  to  fun-rifing;  and  on  this  account  it  is,  that  from 
a||it  the  22d  of  May  to  about  the  21ft  of  July  there  is  no  total  dark-. 
•  at  London,  the  fun's  declination  during  that  interval  being  greater 
tm,  200  28%  which  is  the  difference  between  18*  and  38?  28', ,  the  con> 
pfyent  of  the  latitude.  . .   '.  " 
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996.  PROBLEM    XIII. 

Given  the  time  of  the  year,  the  latitude  of  a  place,  and  the  altituc  |jf 

a  known  fixed  ftar  ; 
Required  the  hour  of  the  night  when  the  obfervation  was  made. 

Exam.  Some  time  in  the  night,  on  the  2.7th  of  November,  1752,  thejm 
Ar Slums  was  obferved  at  London  to  be  27 °  it!  above  the  horizon :  At  z  I 
hour  was  the  jlar  obferved  ? 

Construction. 
Defcribe  the  meridian  of  the  place,  draw  the  horizon  hr,  whofe  zefl 
and  nadir  are  z  and  n,  and  defcribe  (10th  968)  the  parallel  of  altitude  r  4 
27Q  12'  above  the  horizon;  take  p  the  north  pole  510  32'  above  theljl 
rizon  for  the  latitude  of  the  place,  and  s  the  fouth  pole  as  much  be'* 
the  horizon  ;  draw  the  equator  eo^,  and  defcribe  (30968)  the  ftar's  par  1 
of  declination  n  m,  found  in  the  table,  art.  1054,  to  be  200  30'  N. ;  id 
where  this  parallel  nm  cuts  the  former  rs  in  *,  is  the  pofttion  of  1 
ftar  at  the  time  of  obfervation;  defcribe  (163)  the  vertical  circle  z  ^ 
and  hour  circle  p  *  s,  and  the  angle  zp  *  being  meafured  (448),  give*  * 
hour  from  noon. 

Computation. 
In  the  oblique  angled  fpheric  triangle  P  #  z. 
'Given  the  co-lat.  pz  5=  38°28^R      ..  .    . 

the  co-altitude     z*  =  62  48  £*equiredZ.zP*,ortr.el 
lU        ,       ,.a         Z.         *~  T~   \     'rom  noon, 
the  polar  dilr.     ^p  =  09  30  ) 

Here  p#  =69°  30'  Then  Co-ar.  im.  co.Jat.  =3  38 

pz   £±  38   28  Co-ar.  fin.  pol.  dilt.        —  69 

Sin. §- fum  zen.dift.and  d  —  46 
2*  =  62  48  Sin  jdiff.  zen.  dilt.  and  d  =  15 

p  -if.  —  pz  —  31 


The  fum  of  the  four  logs.  19,5; 

The  I  fum  gives  350  51'  9,7k 

Which  doubled,  gives  71  °  42'  rr  2Lzp:fe</t 
This  7i°42/  turned  into  time  (960)  gives  4  h.  46m.  48  f.  for  the  t 
which  muft  elapfe  before  the  ftar  comes  to  the  meridian. 

Now,  at  the  time  of  obfervation,  November  27th,  1752, 
The  fun's  right  a'cenfion,  found  in  table,  art.  1053,  is     i&  13* 
The  ftar's  right  afcenfion,  found  in  table,  art.  1054,  is    14    03 

difference  of  right  afcenfions  2    10 

12    00 


The  ftar  fouths,  or  culminates  9    50' 

The  time  the  ilar  has  to  come  to  the  meridian  4    47 


The  difference  gives  the  hour  of  the  night  5    03  P.  B 

Or,  the  fum  gives  the  hour  after  midnight  14    37 

Which  is  2  h.  37  m.  in  the  morning. 

And.  whether  to  fubtra<5t  or  add,  will  always  be  known  by  the  I 

being  in  the  eaftern  part  of  the  horizon,  or  afcending  ;  or  by  bein< 

the  weftern  part  of  the  horizon,  or  defcending. 
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97,  PROBLEM    XIV. 

Given  the  obliquity  of  the  ecliptic,  and  a  ftar's  right  afcenfion  and 

declination  ; 
Required  its  latitude  and  longitude. 

Exam.  TVhat  is  the  latitude  and  longitude  of  a  filar y  its  right  afcenfion 
b,ig  i6h.  14 m.y  its  declination  250  51'S.,  and  the  obliquity  of  the  ecliptic 
I  29'? 

Construction. 
L,et  the  primitive  circle  reprefent  the  folftitial  colure,  in  which  draw 
ft  equator  eq^,  mark  its  poles  p,  s,  and  defcribe  (3d  968)  the  parallel  of 
tl  ftar's  declination  nm. 

The  right  afcenfion  i6h.  14  m.  =  243*  30',  which  being  63°  30' 
live  1800,  falls  in  the  third  quadrant;  therefore  make  (451)  Y a  •=. 
6  30',  defcribe  (4th  968)  the  circle  of  right  afcenfion,  cutting  the  parallel 
b  in  #,  the  point  of  the  heavens  reprefenting  the  ftar. 

vlake  E55  =  23*  29',  the  obliquity  of  the  ecliptic,  draw  the  ecliptic 
if,  find  its  poles  pq,  and  thro'  p*q  defcribe  a  circle  of  longitudej 
lh  the  arc  ^*  meafured  (446)  will  give  the  co-latitude,  and  the 
lp  *  will  fhew  the  longitude. 

Computation. 
In  the  oblique  angled  fpheric  triangle  p  P  * . 
jiven  the  oblique  ecliptic  p  p  =r  23" 
the  co-declination  P  *    =64 

the  right  afcen.  Z_/>p*  =153    30  )  See  art.  534,  533. 
To  find  the  latitude- 


>°  29'  3  Required  the  co-lat.  p*. 
09  >     and  the  longit.  /1p})^c. 


ARadius  — 

■cof.  rt.  afc.  == 
kin.  ob.  eel.  =. 


153-30' 
23  29 


10,00000 

9.95 '-79 
9,63796 


r tan.  4th  arc  =     21  15     9,58975 


tup.— 4th  arc  rr 
rc.  which  take 


Lees  a  5  th  arc  = 

nn.  co-lat.  rr 
■in  co-decl.  — 
ion.  rt.. afcen.  rr 


158  45 
64  09  =: co-decl. 


As  cof.  4th  arc  —  I58°45/  0,03058 
To  cof.  5th  arc  :£  94  36  8,90417 
So  cof.  obi.  eel.  rr    23    29    9,96245 


To  fin.  lat. 


n      4    32    8,89720 


94  36 

To  find  the  longitude 
85°28/  0,00136 
64  09    9,95421 
153  30   9,64953 


Here  the  latitude  of  the  ftar  is  40  32' 
N.  becaufe  the  declination  is  north* 
and  the  co-lat.  reckoned  from  the  .N. 
pole  is  lefs  than  go*. 


Here  the  co-longitude  23*  45'  taken 
from  2700  leaves  24.6°  15'  for  the 
ftar's  longitude,  reckoning  from  the 
firit  point  of  Aries. 


feof.  longit.    r=     23.  45    9,60510 

-ecaufe  the  right  afcenfion  being  in  the  third  quadrant,  the  ftar  is 
th  e  alfo. 

ow  in  2460  15'  are  8  figns,  6  deg.  15  min. ;  that  is,  the  ftar's  place* 
frmgitude,  is  6°  15'  in  the  9th  fign,  or  6*  15'  in  $ . 

)8.  By  the  preceftion  of  the  equinoxes,  the  fixed  ftars,  altho'  they 
ito.ya  keep  the  fame  latitudes,  yet  they  are  continually  altering  their  lon- 
!^le,  right  afcenfion  and  declination;  the  alteration  in  longitude  is  uni-1 
•nly  5ofeeonds  yearly  (848),  but  that  of  the  right  afcenfion  arid  decli- 
Ipn  is  conftantly  varying  :  So  that  many  ftars,  which  once  had  north- 
ta,  come  to  have  fbuth  •,  while  others  change  from  S.  to  N.  dec!, 
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999.  PROBLEM    XV. 

Given  the  right  afcenfions  and  declinations  of  two  fixed  ftars  \ 

Required  their  diftance. 

Exam.   What  is  the  dijiance  betvUeen  the  fixed  ftars  j  Algol  in  the  hea 
JIAedufa,  and  Aldebaran  in  Taurus  ;  the  former  having  390  59'  N.  a 
with  %h.  52  m.   right  afcenfion;  and  the^other  150  59'  N.  dec/.,  with 
22  m.  of  right  afcenfion. 

Construction. 

As  Aldebaran  precedes  Algol  in  right  afcenfion,  let  the  primitive  ci 
reprefent  the  circle  of  right  afcenfion  palling  thro'  Aldebaran;  defc 
the  circle  of  right  afcenfion  pas,  making  with  pes  an  angle  of  220  , 
(45  0  equal  to  tne  difference  between  the  given  right  afcenfions. 

Defcribe  the  parallels  of  declination  b  m,  r  s,  at  the  given,  diftances 
59' N.,  and  390  59'  N.  (3d  968) ;  and  the  interfecvtions  b,  of  Aldebar; 
declination,  and  A,  of  Algol's,  with  their  refpedtive  circles  of  right 
eenfion,  will  be  the  pofitions  of  thofe  ftars  from  one  another :  Th« 
great  circle  bag,  pacing  thro'  b  and  a,  the  intercepted  arc  ba  (mcafi 
by  art.  446)  fhews  the  diliance  of  thofe  two  ftars. 

Computation.  (5 

In  the  oblique  angled  fpheric  triangle  par, 

Given  the  co-decl.  of  Aid.     pb     — :  74°  oi'  1 

the  co- decl.  of  Algol,  pa     =  50  01    >  Required  their  dift. 
difF.  of  right  afcen.  Z.APB  =  22   30 
As  Radius  ±:   R  io,coooo 

To  cof.difF.  rt.  af.  —  2203c'    9,96562 
Sosot.  Aldeb.dec.  =3  15  59   10,54298 


To  tan.  4.th  arc      —  nz  &7  io,;o868 

And  as  col.  4th  arc  —  72  47  0,52873 

To  cof.  5th  arc      —  Z2  46  9,96477 

Sofin.Aldeb.decL—  15  59  9,43990 


To  eof.  diflance    sis  30  56    9,93340 


From  4th  arc  ~     72* 

Take  Algol's  co-decl.       =     50 


Remains  5th  arc  ±=     2; 

The  fame  refult  would  haVe  CO 
out,  had  the  declination  of  the 
Algol  been  ufed  in  the  proportUty 


1000.  PROBLEM     XVI. 

Given  the  latitudes  and  longitudes  of  two  known  fixed  ftars; 
Required  their  diflance. 

Exam.  Aliath,  in  the  Great  Bear,  Lon.  «K    46  55".     Lett.  54*  li 
ArcJurus,  in  Bootes,  Lon.  ^20    15  .     Ldt.  30  57 

The  eonftru&ion  of  this  problem  is  like  that  of  the  laft  j  only  jnfri 
of  circles  of  right  afcenfion,  read  circles  of  longitude,  and  ufe  paral 
of  latitude  inftead  of  parallels  of  declination. 

The  computation  is  alfo  like  that  of  the  laft,  there  being  given  t 
co-latitudes  and  the  included  angle,,  which  is  the  difference  between) 
given  longitudes :  Thus  Ar&urus's  long,  is  6f  20°  15',  and  Aliath's 
5f  40  55' ;  their  difference  is  I  .1,5*  20',-  or  450'  2©'y 

Hence  the  diflance  will  be  found  to  m  30/42'* 

J'6( 
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oor.  PROBLEM    XVII. 

Given  the  latitude  and  longitude  of  a  fixed  ftar,  and  alfo  the  obli- 
quity of  the  ecliptic ; 
Required  the  right  afcenfion  and  declination  of  that  ftar. 

Exam.  Suppofe  the  latitude  of a Jlar  is  J°  09/  iV.,  Its  longitude-  290  01*  J" 
Vhat  is  the  right  afcenfion  and  declination  of  that  Jiary  the  obliquity  of  the 
:liptic  being  230  20/  ? 

The  conftru£Hon  of  this  problem  is  much  like  that  of  Prob.  XIV. ; 
hly  here  the  interfe&ion  of  a  parallel  of  latitude  c  b  with  a  circle  of 
>ngitude  p  A  q,  will  give  the  place  of  the  ftar. 

The  computation  is  aifo  as  in  Prob.  XIV.  j  for  here  are  given  p  p  — 
30  29',  p  a  =  820  51',  and  the  Z_pp  a  —  60°  59',  the  co-longitude  : 
no  find  pa  the  co-declination,  and  Z_pPA  the  right  afcenfion. 

The  declination  of  the  ftar  will  be  found  tb  be  170  49'  N. 

And  the  right  afcenfion  will  be  1140  18' :  But  as  the  ftar's  place  is  in 
ta  firft  quadrant  of  the  ecliptic,  its  right  afcenfion  muft  be  in  the  firft: 
Uadrant  of  the  equator ;  therefore  24°  18'  is  the  right  afcenfion  reckoned 

om  Aries, 

D02.  PROBLEM    XVIII. 

Given  the  meridional  altitude  of  any  celeftial  objecl,  fuppofe  a  comets 

its  diftance  from  a  known  ftar,  and  the  latitude  of  the  place  j 
« Required  the  declination  and  right  afcenfion  of  that  comet. 

j  Exam.  Suppofe  a  comet  was  obferved  on  the  meridian  at  London ,  when, 
altitude  was  510  55',  and  its  dijlance  from  the  Jlar  ArBturus  was  590 
l' :  What  was  the  declination  and  right  afcenfion  of  the  comet  at  that  time  ? 

Construction. 
In  the  primitive  circle,  reprefenting  the  meridian  of  the  place,  draw 
e  horizon  hr  and  prime  Vertical  zn  ;  lay  off"  the  given  latitude  rp= 
[i°32/,  draw  the  axis  ps,  the  equator  eq^,  and  (3d  968)  n  m  Arcfurus's 
fallel  of  declination  =  20d  30''.  From  the  fouth  point  of  the  horizori 
y  off  the  given  altitude  of  the  comet  =  51°  55'  from  H  to  o  :  About 
e  point  o  as  a  pole,  at  the  given  diftance  between  the  comet  and  Arc- 
'jrus,  defcribe  (456)  a  (in all  circle  a  a  cutting,  the  parallel  nm  in  *^ 
|e  pofition  of  Archnrus  at  that  time:  Defcribe  the  circle  of  right  afceri- 
|n  P  *  3,  and  a  great  circle  thro'  o  and  * . 

Computation, 
Since  HE  =  38"  28',  the  co-lat.,  and  the  alt.  ho  3=  $1°  55',  then  eo  ~ 
O— he  =)  1 30  27',  is  the  decl.  fought;  which  is  north  as  the  altitude 
ceeds  the  co-lat.  ;  confeqUendy  the  polar  diftance  op  ==  7 6°  33 '.\ 
Then  in  the  triangle  P  #  0  are  given  the  three  fides  to  find,  the  Z.OP  >fc^ 
difference  between  the  right  afcenfions  of  the  comet  and  Arclurus. 
nd  (537)  the  Z_crP*  will  be  found  *sr  62°  27'  ± 1  4h.  9  m.  48 f  which 
the  difference  of  their  right  afcenfions  :  Now  if  Arcturus  precedes  the 
met,  the  right  afcenfion  of  the  latter  is  gh.  53  m.  I2f.  :  But  if  the 
met  precedes,  its  right  afcenfion  is  18  h'.  12  m.  48  f,  the  former  being 
e  diff.j  and  the  latter  the  fum  of  the  right  afcenfions  of  Ariturus  and  the 
^rnet, 

P  p  p,  1003. 
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1003.  PROBLEM'  XIX. 

Given  the  latitude  of  a  place,  the  fun's  declination  and  azimuth ; 
Required  his  altitude  and  the  time  of  the  obfervation. 

Exam.  In  the  latitude  of  13°  3c/  N.,  find  when  the  fun  has  230  2< 
jV.  declination  :    What  is  the  fatfs  altitude  and  time  of  the  day,  when  he 
feen  on  the  ENE.  azimuth  circle  ? 

Construction. 
Let  the  primitive  circle  reprefent  the  meridian  of  the  place,  where! 
HR  reprefents  the  horizon,  and  zn  the  prime  vertical;  make  rp  equ; 
to  the  latitude,  draw  the  6  o'clock  hour  circle  ps,  the  equator  eq^,  an 
(3d  968)  the  parallel  of  230  29'  of  declination  n  m  :  The  tangent  of  t) 
30'  being  laid  from  the  centre  a  towards  H,  gives  the  centre  of  the  vei' 
tical  circle  zdn,  which  cuts  the  parallel  nm'm  the  points  A  and  B;  an 
fliews  that  at  two  diftant  times  in   the  forenoon  the  fun  will  have  til 
azimuth   propofed  :    7"hro'  the  points  A  and  b  defcribe  the  hour  circl< 
pas,  pbs  (163);  the  angles  zpa,  zpb,  fhewing  the  times  from  nooi 
may  be  meafured  by  art.  448  ;  and  the  altitudes  da,  db,  by  art.  446. 
Computation.     See  art.  529. 
In  the  fpheric  triangle  pza,  or  pzb,  there  are  known 
Theco-lat.  pzr=  76°30/;  the  co-decl.  pa,  or  pb  =  66°  31'  j  theazin 
^pzd  =  67°  3c/. 

To  find  za,  or  zb,  and  the  Z_zfa,  or  Z_zpb. 
As  Radius  :  cof.  azimuth  ::  cot.  lat.  :  to  tan.  of  a  4th  arc  Mr=57*'  54', 
And  as  fin.  lat.  :  fin.  decl.  :  :  cof.  m  :  to  cof.  of  a  5th  arc  n  =  240  54', 
Then  m-]-n,  or57°54/-{~24'054— 82^48'— za,  is  thecomp.of  leaftal 
And  m — N,oi'57°54' — 24°54/rr330oo/:=ZE,isthecomp.  ofgreatefta 
Therefore,  when  die  fun  has  70 1 2  , or  57°  oo'of  alt.  he  is  on  the  giv.  azir 
Again.  As  cof.  decl.  :  fm.azim.  ::  cof.  leaftalt.  :  fin.  hourfr.  noon  8 Sn0/ 
And  as  cof.  decl. :  fin.azim.  : :  cof.  greater  alt.  :  fin.  hourfr.  noon  330]* 
But  88°02/  =  5l1  52"1;  and33ei6'=:2hi3m,  the  refpecT  times  fr.noo 
Confequently  the  fun  will  be  feen  on  the  ENE.  azimuth  at  6h.  08  ir 
and  again  at  9b.  47  m.,  both  in  the  morning  :  Alfo,  in  the  afternooji  1i 
will  be  on  the  WNW.  azimuth  at  2b.  13m.,  and  at  5  h.  52m. 

1004.  Now  to  find  at  what  time,  and  at  what  altitude,  the  greatc 
azimuth  will  happen  at  that  place  on  the  faid  day. 

As  the  azimuth  circle  in  this  cafe  is  to  touch  the  parallel  n  m,  then 
fore  the  greateil  diffanceof  the  azimuth  from  the  equator  will  be  23"  2$ 
and  as  their  poles  muff  be  at  the  fame  diffance  (413),  therefore  a  fms 
circle  r s  defcribed  about  the  pole  s,  at  the  diftance  of  230  29'  (454  ' 
its  interfe&ion  />  with  the  horizon,  is  the  pole  of  the  circle  zcn  ;  th<| 
defcribe  an  hour  circle  pes  thro'  p. 

In  the  fpheric  triangle  zpc  right  angled  at  c.  (41, 

Given  the  co-lat.  pz  ~  760  30',  and  the  co-decl.  PC  =i  66°  31'- 
Required  the  greateil  azim.  Z.PZC  =  70°  36',  the  dift.  zc  zlz  54°0<i 
and  the  hour  from  noon  :=  56°  27''  ^=  3  h.  46  m. 

1005.  So  that  the  azimuth  is  altered  only  3°- 6'  in  1  h.  33  m.;  'a'l 
confequently  the  variation  of  the  co'rripafs  in  the  torrid  zone  may  bd^p 
ferved  more  accurately  than  clfeV/h'ere,  could  the  altitudes'  when  ne| 
the  zenith  be  well  taken. 

SECTIO 
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SECTION     VL 

006.  Of  various  methods  to  find  the  latitude. 

The  ufual  way  at  fea  to  find  the  latitude,  is  from  the  fun's  meridional 
titude  and  declination  ;  the  manner  of  doing  this  will  be  particularly 
lewn  in  the  next  book  :  But  as  it  frequently  happens  at  fea,  that  the 
meridian  altitude  cannot  be  taken,  therefore  the  mariner  fhould  be  fur- 

{hed  with  other  means  to  come  at  this  moil  -ufeful  knowledge  of  his 
[titude  :  To  help  him  in  this  point,  and  as  a  farther  exercife  in  the 
jftronomy  of  the  fphere,  -ihe  following  problems  are  collected  together. 

Ly.  .      P  R  O  B  L  E  M     XX. 

:  Given  the  fun's  declination  and  his  amplitude ; 
Required  the  latitude  of  the  place. 

Exam.  Being  in  a  place  tuber e  the  compafs  had  no  variation^  on  the  fir  ft 
1  May,  1753,  I  obferved  the  fun  to  rife  6  2°  30' 'from  the  north  towards  the 
,ft :  Required  the  latitude  of  that  place  ? 

Construction. 
;  Having  defcribed  the  primitive  circle,  drawn  the  horizon  hr,  and 
,147)  taken  ro  =  62°  30';    then  about  o  as  a  pole  defcribe  (454)  a 
nail  circle,  at  the  diftance  of  74°  48'  —  co-decl.,  cutting  the  primitive 
i  p  the  place  of  the  north  pole  :  Draw  the  axis  ps,  the  equator   eq^ 
id  the  circle  pos,  cutting  the  equator  in  a. 
Computation. 
In  the  fpheric  triangle  <toa  right  angled  at  a. 


♦iven  the  co-amp.  TO-  270  30' 
the  declin.     ao  =  15    12 
Acquired  the  co-latitude  A  to. 


Then  f.TO  :  Rad  ::  f.AO  :  f.Z-AVo. 
Hence  the  latitude  will  be  X  \Q  24/ 

N. 


■03.  '  PROBLEM    XXI. 

■.  [Given  the  fun's  declination,  and  his  afcenfional  difference ; 
Required  the  latitude  of  the  place. 

r'lExAM.  On  the  20th  of  January,  1753,  the  fun  was  obferved  to  fet  at 
ib.  30  m.  :  Required  the  latitude  of  the  place  ? 

'As  the  afcenfional  difference  is  the  time  the  fun  rifes  or  fets  before  or 
s:er  6  o'clock  ;  therefore  6  h.  —  4  b.  30  m.  ■=.  1  h.  30  m.  ='  229  30'  = 
s:enfional  difference. 

<  :Construction.  In  the  primitive  circle  reprefenting  the  meridian  of 
te  place,  draw  the  equator  eo^,  the  axis  ps,  the  parallel  of  declination 
|,  20°  01 'S. :  Make  Tb  =  22°  30',  the  afcenfional  difference;  de- 
Jibe  the  circle  of  right  afcenfion  pes,  cutting  ruino;  then  a  diameter 

It.  thro'  o  will  be  the  horizon,  and  r^>  the  lat.  fought. 

Computation.     In  the  fpheric  triangle  Tbo,  right  angled  at  b. 


Given  theaf.  diff.  T  b  —  22°3o' 
the  declin.  ob  =  20  01 
Lquired  the  co-lat.  Z_oTb. 


ThenRad-.cot.OB ::  f.  TB:cot.Z_oTB. 
Or  Rad  :  cot.decl. ::  fin.rt.  af. :  tan.  lat. 

Hence  the  lat.  will  be  460  25'  N.,  be- 
i.5  contrary  to  the  declin.  when  the  afcen.  diff.  falls  between  noon  and  fix. 

P  p  p   2  IOO9. 
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2009.  PROE  LE  M    XXII. 

Given  the  fun's  declination,  and  altitude  at  fix  o'clock ; 

Required  the  latitude  of  the  place. 

Exam.  Being  at  fea  on  the  loth  of  May,  1 753,  at  fix  o'clock  in  the  eve) 
ing,  the  fun's  altitude  was  18°  45' ;  What  was  the  latitude  of  tl>e  place  1 
obfervation  % 

Con st RUCTioN.Havingdefcribed  the  meridian,  drawn  thehorizon  hi 
the  prime  vertical  zn,  and  the  parallel  s  t  of  18?  45'  altitude  (10th  968] 
from  the  centre  t,  with  the  half  tangent  of  the  declination  rz:  20°  04 
eut  the  parallel  st  in  o  :  Thro'  0  draw  the  axis  ps,  and  the  azimui 
circle  zon  (163),  and  the  meafure  of  rp  will  give  the  latitude  fought.! 

Computation.  In  the  fpheric  triangle  tAO,  right  angled  at  a. 


Given  thedecl.  To  =z20?04'N. 
the.altit.AO —  18  45 
Required  the  lat.  =  Z.OTA. 


Thenfin.To  :  Rad  ::  f.  Ao:f.Z.oT; 

Or  fin.  decl. :  Rad  : :  fin.  alt. :  fin.  lati 

Which  is  69?  327N.}  as  the  decl.  isJ 


1010.  PROBLEM     XXIII. 

Given  the  fan's  declination,  and  altitude  when  he  is  due  eafr.  or  wefl 
.    Required  the  latitude  of  the  place. 

Exam.  Ik  a  place  where  the  compafs  had  no  variation,  the  fun  was  01 
frved  to  be  due  eafl  when  his  declination  was  1 6°  38'  N.,  and  his  aititUt 
20°  12' :  IVbai  is  the  latitude  of  that  place? 

Construction.  In  the  meridian  hzrn,  draw  the  horizon  hr,  t} 
prime  vertical  zn,  and  make  Yo  =  half  tan.  of  the  alt.  20°  12':  About 
as  a  pole,  at  the  diftande  of  73°  22',  the  co-decl.,  defcribe  (454)  a  fms 
circle,  cutting  the  meridian  in  P  the  elevated  pole;  draw  the  axis  F 
equator  EQj,  and  thro'  p,  o,  s,  defcribe  an  hour  circle  pos  ;  then  tl 
meafure  of  PR  fhews  the  latitude. 

Computation.  In  the  fpheric  triangle  tao,  right  angled  at  A.. 
Given  thealt.cvo  =  20°i2/     I  Thenfin.T'o  :  Rad  ::  fin.AO  :  fin.^-AVi 
thedecl.Aozr:  16  38N.  J  Or  fin.  alt.  :  Rad  ::  fin.  decl.  :  fin.  lat. 
Required  the  latit.  —L. AT o.  |    Which  is  560  00' N.,  as  the  decl.  is Ns 

But  had  the  declination  been  S.,  the  other  interferon  of  the  parall 
circle  and  meridian  muft  have  been  taken  for  the  elevated  pole,  and.tl 
latitude  would'  be  fouth. 


joijr.  PROBLEM    XXIV. 

Given  the"  fun's  altitude  and  hour  of  the  day  on  either  equinox ; 

Required  the  latitude  of  the  place. 

Exam.  On  the  day  the  fun  entered  the  vernal  equinox,  his  latitude  wasfom 
22° 56'  at  9  o'clock  in  the  morning  .'  In  what  lat.  was  that  obfervation  madt 

Construction.  Defcribe  the  meridian,  draw  thehorizon,  theprin 
vertical,  and  (  j  oth  968)  the  parallel  s  t  of  22*56'  altitude  ;  from  the  cent 
T,  with  the  half  tan.  of  45°  =  3'h.,  the  afcen.  difF.,  cut  st  in  o,  at 
defcribe  the  vertical  circle  zon,  cutting  the  horizon  in  b. 

Computation.  In  the  fpheric  triangle'  <r bo,  right  angled  at  B. 

Given  the  time  after  6  to  =  45°oo'  L  Asf.  T.oiRad  : :  f.BO  :f.Z-BT 
iltitude         bo'=  22  V6 "    OrT.timea6':Rad ::  f.alt.  :cof. 


the  altitude         Bo=  22  56 
Required  the  co-Jatij:ude  BTO. 


Which  is  56?  34/. 

3fOi:| 


:c. 


bl 
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,12.  PROBLEM     XXV, 

Given  the  fun's  altitude,  declination  and  azimuth  j 

Required  the  latitude  of  the  place. 

?Exam.  June  ^th,  1753,  being  at  fea  in  a  place  where  the  compafs  had 
i  variation,  in  the  afternoon  -when  the  fun  was  420  3c/  high,  his  bearing 
lis  S.  570  45'  W. :  What  is  the  latitude  of  that  place  ? 

Construction.  Draw  the  meridian,  the  horizon  hR,  the  prime 
irtical  zn,  and  the  parallel  s  t  at  420  30'  above  the  horizon  (456)  : 
,'he  tangent  of  57°  45'  fet  from  a  towards  R  gives  the  centre  of  the 
jfimuth  circle  zon,  cuttings  the  parallel  of  altitude  st  in  o  :  About  o 
ga  pole  (454),  at  the  diftance  of  670  30%  equal  to  the  co-declination, 
tffcribe  a  fmall  circle,  cutting  the  meridian  in  p  the  place  of  the  pole; 
mm  the  meafure  of  rp  gives  the  latitude  fought. 
1.  'Computation.  In  the  oblique  angled  fpheric  triangle  zop. 

Given  the  zenith  dift.  zo  =    470  30'  7 

the  polar  dift.  po  —    67  30  [■  Required  the  co-latitude  Pz. 
the  azimuth  Z-Pzo  =:  122   15 


ui'  $ad  —    r  10,00000 

Pj>  cof.  azim.    =  122°  15'    9,72723 
■  cot.  alt.         =    42    30  10,03795 


)  tan.  4th        =:    30    13     9,76518 


As  fin.  ak.  ==  4203o'  0,17032 

To  fin.  decl.  z=.  22  30    9,58384 

So  cof.  4th  =s  30  13    9,93658 

To  cof.  5th  r=  60  42    9,68974 


Then  the  difference  between  the  5th  and  4th  arcs,  that  is  300  13' 
cen  from  6o°  42%  the  remainder  30°  29'  is  the  co-lat.  Therefore  59* 
'  N.  is  the  latitude  fought. 

13.  PROBLEM    XXVI. 

Given  the  fun's  declination,  his  altitude  and  hour  of  the  day  5 
Required  the  latitude  of  the  place. 

Exam.  Being  at  fea,  the  fun's  altitude  was  obferved  to  be  37 °  20'  at 
45  m.  in  the  morning,  his  declination  at  that  time  being  20°  30'  N,  .* 
*hat  is  the  latitude  of  the  place  of  obfervation  f  . 

Construction.  In  the  meridian  pesq^,  draw  the  equator  EQj,  axis 
,  and  parallel  of  declinat.  n  m,  11°  3c/  dift.  from  the  equator  (3d  968) : 
t  off  from  the  centre  a  towards  Q^the  tang,  of  33°45'  =  2h.  15  m., 
e  diftance  between  the  time  of  obfervation  and  jioon,  which  gives  the 
ntre  of  the  hour  circle  pos,  cutting  the  parallel  »  jk  in  0  :  About  the 
>int  o  as  a  pole,  defcribe  (454)  at  the  dift.  of  52?  40^  the  zen.  dift., 
fmall  circle,  cutting  the  meridian  in  z  the  zenith  ;  thro'  zo  defcribe 
azimuth  circle  zon  ;  then  the  meafure  of  zE  will  give  the  lat.  fought. 
Computation.  In  the  oblique  angled  triangle  zop. 
Given  the  zenith  diftance     zo     =  52°  40'  "j  0     ,  ,.      .  , 

the  polar  diftance     po     ==67.  30  vRequired  the  co-lat.  zp. 

the  hour  from  noon  Z-ZPO  z=  33   45,4 
As  P-ad  :  cof.  hour  A.  M.  ;  :  cot.  decl.,  :  tan.,  4th  arc  =  630  31'. 
As  fin.  decl.  :  fin.  alt.  :  :  cof.  4th  arc  :  cof."  5th  arc  ==  45  "02  . 
Their  difference  is  the  co-latitude  180  29/.     Therefore  the  lat;  is  710 
'  N.  "     , 

|©i4« 
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1014.  *  .v  w  ^  ^  ^  xv,     ^rr. 

Given  the  altitudes  of  two  known  fixed  ftars,  having  the  fame  azirr 
Required  the  latitude  of  the  place. 

Exam.  Being  at  fea  in  an  unknown  latitude  y  I  olferved  the  Jlar  Schea 
in  CaJJiopeia,  and  Almaach  in  Andromeda^  to  have  the  fame  Azimuth,  wh 
the  altitude  of  Schedar  was  37  °  15',  and  that  of  Almaach  was  170  45 
What  is  the  latitude  of  that  place  ? 

Construction  upon  the  plane  of  the  equatsr.  Let  the  primitive  cin 
reprefent  the  equator,  whofe  pole  is  p,  and  any  point  <T  the  place  whe, 
the  right  afceniion  begins,  from  whence  lay  off  <v  a  =  27  °  15'  for /J 
maach's  right  afceniion,  and  w  b  •=.  6°  45'  for  Schedar's  ;  draw  t 
circles  of  right  afcenfion  P<7,  P  b  :  Defcribe(3d  970)  Almaach's  and  Sch 
dar's  parallels  of  declination,  cutting  p#,  p  b,  in  a,  b  ;  a  being  Almaac 
and  b  Schedar.  A  great  circle  palling  thro'  a  and  B9  will  be  the  a2 
•  muth  they  are  on.  About  b  at  the  diftance  of  52"  54',  Schedar's  zeni 
diftance,  defcribe  (454)  a  fmall  circle,  cutting  the  azimuth  circle  thr 
a  and  b  in  z,  the  zenith  of  the  place;  draw  pz,  which  meafured  on  t] 
half  tangents  gives  the  co-latitude  of  the  place  of  obfervation. 

Computation. 
ift.  In  the  oblique  angled  fpheric  triangle  abp.    * 


Given  Almaach's  co-dec.  pa  ==  480  52' 
Schedar's  co-dec.    pb  =  34  49 


Required  the  angle  of  pol 
tion  abp. 


their  diff.  of  alt.  ab  =:  19  30   j  For  thefolution  fee  art.  55 


PB 
BA 


PA 

BA 


34°  49' 
19  30 


48 

52 

J5 

*9 

64 

1 1 

33 

j  3 

3?°oi;i/=Jfum. 
1 6  46|/=  I  difF. 


Co-ar.  fin.  pb 
Co-ar.  fin.  ba 
Sin.  £  fum 
Sin.  i  diff. 


=  34°  49'  °»243' 

rr  19    30  0,476 

—  32   oji  9,725 

ZZ  16    46^  9,160 


Sum  of  four  logs. 


19,9055, 


\  fum  gives  630  45!'  9,9527 

Which  doub.  gives  1 270  31'=  L.  ab: 


2d.  In  the  oblique  fpheric  triangle  pbz. 


Given  Schedar's  co-dec.  pb  =  34°49/ 
Schedar's  co-alt.  bz  zz:  52  45 
angle  of  pofition  pbz  =  52  29 


Required  the  co-lat.  pz. 
For  the  folution  fee  art.  54! 
Here  z_pbz  =  fuppl.  /_?%i 


As  Rad  zz  r  10,00000 

Tocof.  Z.  pofit.  —  52°  29'  9,78461 
So  cot.  Sch.  decl.  ^55    u 


,7846 1 
4227 


To  tan.  4th  arc    —   22    57    9,62688 
Which  taken  from     52   45  zz:  bz. 


As  cof  4th  arc 
To  cof.  5th  arc 
So  fin.  Sch.  decl. 


Leaves  5th  arc  29   48 


22' 
29 

55 


57/  0,0358 
48  9,9384 
11    9,9143 


To  fin.  latit.        =  50  41    9, 
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115.  PROBLEM    XXVIII. 

Given  the  difference  of  time  between  the  rifing  of  two  known  ftars  ; 

Required  the  latitude  of  the  place. 

Exam.  Being  .at  feci  in  an  unknotvn  place,  the  Jiar  Aldeharan  was  ob~ 
Jved  to  rife  3  h.  l$m.  later  than  the  bright  Jiar  in  Aries  :  Required  the 
L'ttude  of  that  place  ? 

Bright  ftar  in  <v  decl.  22°  17' N.  ;  right  afcen.  1  h.  53  m.     Aldeba- 
Bi's  decl.  150  59/  N. ;  right  afcenfion  4*1.  22  m. 
Construction. 

Let  the  primitive  circle  reprefent  the  equator,  defcribe  (3d  970)  the 
p-allels  of  declination  of  the  two  ftars,  that  of  Aries  being  220  17'  N., 
aJ  of  Aldebaran  150  59' N.  :  Draw  Pa  for  the  circle  of  right  afcenfion 
fling  thro'  the  ftar  in  <v,  which  fuppofe  in  a  :  FVom  a  lay  off  a  b  z=z 
3J0  15'  =  diff.  of  right  afcenfions ;  and  a  c  ■=.  480  45'  ==  3  h.  1.5  m.,  the 
fif.  of  time  between  their  rifing;  draw  bp,  cp,  cutting  the  parallels  of 
i|i:lination  in  b,  c:  Thro'  the  points  b,  c,  defcribe  (441)  the  great 
Ccle  hor  ;  draw  po  at  right  angles  to  hr,  then  the  meafure  of  po  will 
ve  the  latitude  fought. 

Computation. 
In  the  oblique  angled  fpheric  triangle  pbc. 


uiven  B'sco-decl.  pb  ==  74°oi/ 
a's  co-decl.  pc  —  67  43 
1Lapc-z.apb=Z_bpc=  ii  30 
Required  the  angle  pcb. 


Rad:cof.Z.BPC  ::t.PB  :t.M=73°42'. 
From  M  take  pc  leaves  n  zn  559. 
As  fin.  n:  f.M  ::  tan.Z-CPB  :  t.  z.c  = 
HenceAPCO  r=6i°54/.    [n8°o6/. 


In  the  fpheric  triangle  pco,  right  angled  at  o. 


Given  c's  co-decl.  pc  =  67°43' 
and  the  Z_pco  r=  61  54 
Required  the  latitude  po. 


As  Rad  :  fin.  pc  : :  fin.Z_Pco  :  Cn.po 
[=54043'. 
Therefore  the  latitude  is  540  43'. 


116.  PROBLEM    XXIX. 

Two  known  fixed  ftars  being  obferved  to  have  the  fame  altitude  j 
Required  the  latitude  of  the  place  of  obfervation. 

/■Exam.  In  the  evening,  thejlars  Capella' and  Procyon  were  obferved  at 
$  fame  time  to  have  each  38 °  oo'  of  altitude  :  Required  the  latitude  of  the 
pice  where  that  obfervation  was  taken  ? 

Capella's  decl.  =  450  43'  N.  right  afcen.  4  h.  59  m.  Procyon's  decl. 
='5°  49'  N.  right  afcen.  =  7  h.  24'. 

Construction. 

On  the  plane  of  the  equator,  reprefented  by  the  primitive  circle,  de- 
febe  (3d  970)  the  parallels  of  the  given  declinations;  take  a  b  —  ■$& \$' , 
ft  diff.  of  the  given  right  afcenfions  ;  draw  Pa,  P b,  then  a  reprefents 
Pocyon,  and  b  Capella. 

About  a  and  b  as  poles,  defcribe  (454)  arcs  of  fmall  circles,  at  the 
d:ance  of  520,  the  co-altitude,  and  their  interferon  gives  z  the  zenith 
othe  place  :  Thro'  the  points  a,  b  ;  z,  a;  z,  b;  defcribe  gieat  circles 
■J.),  and  draw  zp,  whofe  meafure  will  give  the  co-ktitude  of  the  place 
•obfervation. 

COMPU- 
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Computation. 
In  the  oblique  angled  fpheric  triangle  ape 


Given  a's  co-decl.    ap=  84°i  1' 
b's  co-decl.     bp  =  44  17 
diff.  rt.  afc.Z.ABP  =  36  1^ 

Required  the  ftars  diftance  AB. 
And  the  ans\e  bap. 


Rad :  cof. Lv  i ;  t. bp >i  t.  M  —  38*1 
And  M  tak.  fr.  pa  leaves  N  —  46  0 
Sin.N  :  fin.M  ::  tan.^jp  :tan.Z.B. 
[=326i 
Cof.M  :cof  n  :  :cof.BP:cof.BA  — 50  4 


In  the  oblique  angled  fpheric  triangle  azb. 


Given  a's  co-alt.     zA  =  52°oo' 
1  b's  co-alt.      zb  =  52  00 
ftars  diftance  ab  =  50  45 
Required  the  angle  zab. 

In  the  fpheric  triangle  azp. 
Given  a's  co-alt.     za  =  526  oo' 
a's  co-lat.     a  p  =  84  11 
the  angle     zap  =  36  02" 
Required  the  co*lat.  zp. 


The  angle  baz  will  tie  found 

68*  15'. 
Then  Z.baz— -Z^bap  ssaiPAz 

360  02'. 

Rad :  cof^A : :  tzA  :  tM  =  45*1 
m  taken  from  pa  leaves  n  =  38  1 
Cof.M  :  cof.N  :  :cof  za  :cof.pz=r4^  ? 
Therefore  the  latitude  is  44.0  08' '. 


1017.  PROBLEM     XXX. 

Given  the  altitudes  of  tw6  known  fixed  ftars  ; 
Required  the  latitude  of  the  place. 

Exam.  The  altitude  of  the  Hydra's  heart  was  obferved  to  be  400  4 
and  of  the  Lions  heart  450  00' :  What  is  the  latitude  of  the  place  ofobj, 
vation  ? 

Hydra's  heart,  decl.  —  70  37' S. ;  right  afcen.  =  9h.  16  m.  Lio 
heart,  decl.  =  13°  09  N. ;  right  afcen.  9  h.  53  m. 

Construction. 

If  this  problem  is  constructed  on  the  plane  of  the  equator,  it  will 
in  every  refpecl:  like  the  laft ;    only  the  fmall  circles,  defcribed  about 
and  B,  are  to  be  unequally  diftant  from  their  refpedtive  poles  A,  b.- 

Computation. 

Here,  as  in  the  laft,  there  will  be  three  fpheric  triangles  to  work  i 
namely,  the  triangles  apb,  zab,  and  zpb. 

In  the  triangle  apb,  where  ap  —  970  37',  bp  =  760  51',  Z_apb 

9°  *5'- 

As  Rad  :  co£z.apb  ::  tan.  bp  :  tan.  m  s=  76°4i/.    Then  ap — Ms 

—  200  56'. 

As  fin.  n  :  fin.  m  ::  tan.  Z_apb  :  tan.  /.bap  =3  230  55'. 
And  as  cof.  m  :  cof.  n  :  :  cof.  bp  :  coH  ba  =  22   42 . 

In  the  triangle  baz,  where  az  =  49°  16,  BZr=45600/,  AB  =±  2'2°4 
The  angle  baz  will  be  found  equal  to  68*  56'.  (5; 

Then  /.baz  —  z_bap  ±=  Z.paz  ==  45°  oi'. 

In  the  triangle  APz,whereAP  =  97°37/J  Azrs=49°'i6'i  Apaz  =  45°C 


tan.  az  ;  tan.  m  e2  39°  23' 


As  Rad  :  coffZ-PAz 

N  =5  580  14'. 

And  as  cof.  m  :  cof.  n  :  i  cof.  Az  i  cof  ?z  -js  63*  23^ 
Hence  the  latitude  fought  is  63*  si^'lSfv 


Then  ap  —  M 


ffl 
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0i8.  PROBLEM     XXXI. 

Given  the  fun's  declination,  two  altitudes,  and  the  time  between  the 

obfervations  j 
Required  the  latitude  of  the  place. 

Exam.  On  a  day  when  the  fun's  declination  was  20°  OO'N.,  in  the  fore~ 
[on  the  fun's  altitude  was  obferved  to  be  1 8°  3c/,  and  three  hours  after,  his 
'titude  was  440  oo':  What  zvas  the  latitude  of  the  place? 

Construction. 
Let  the  primitive  circle  reprefent  that  hour  circle  on  which  the  fun  was 
4the  firft  obfervation,  EQ^being  the  equator,  then  A  a,  the  parallel  of 
M  of  declination,  gives  a  the  fun's  place  at  firft;  and  as  co^is  the  tan- 
i:nt  of  450,  Q^will  be  the  centre  of  the  hour  circle  pbs  three  hours  di- 
jint  from  the  former,  its  interferon  b  with  the  parallel  of  declination, 
jthe  fun's  place  at  the  fecond  obfervation:  About  a  as  a  pole,  at  the 
tftance  of  7 1°  30',  the  firft  zenith  diftance,  defcribe  (454)  a  fmall  circle  ; 
lout  e  as  a  pole,  at  the  diftance  of  460  oo',  the  fecond  zenith  diftance, 
ifcribe  (454)  another  fmall  circle,  cutting  the  former  in  z  the  zenith : 
ihro'  z,  a  ;  z,  b  ;  a,  b  ;  p,  z ;  defcribe  {441)  great  circles;  then  PZ 
i  the  co-latitude  required. 

Computation. 
Here  are  three  triangles  to  work  in  ;  namely,  ABP,  abz,  bpz. 

In  the  ifofceles  fpheric  triangle  apb. 
Given  ap  =  7o°oo'    Suppofe  a  perpendicular  vb  is  drawn. 

bp  =  70  00     Rad  :  tan.BP^  : :  cof.  pb  :  cot.Z_PBAr=  8i°56'. 
2LAPB  =  45   00      Rad  :  fin.PB::  fin.Z.BP/»  :lin.  B^  =  2ia044/. 
Req.  Z.ABP  and  ab.       Then  Bb  doubled  gives  ab  =;  42®  09'. 

In  the  oblique  angled  fpheric  triangle  abz. 
Given  az  r=  7i°3o'    Then  working  by  art.  537  for  three  fides,  the 

angle  abz  will  be  found  ==  1140  u'. 
And  Z.abz  —  Z.pba  =  pbz  -=  320  15'. 


bz  —  46  00 
ab  =  42  09 
Required  Z.abz. 


In  the  oblique  angled  fpheric  triangle  pbz. 


Given  pb  =.  70°oo' 
Bz  =  46  00 
Z.PBZ  r=  32  15 
Requir.  the  co-lat.  pz. 


As  Rad:cof.Z.PBz  ::  tan.Bz  :  tan.M  =241*13'. 

And  pb  —  m  =  n  =  280  47/. 

As  cof.  m  :  cof.  n  : :  cof.  bz  :  cof.  pz .=  35°58'. 

Therefore  the  latitude  is  540  02'  N. 


10 19.  If  the  fun's  altitude  can  be  taken  both  before  and  afternoon, 
Vien  he  has  equal  heights,  then  the  time  between  thefe  two  obfervati- 
cs  being  bifected,  will  give  the  time  when  the  fun  was  on  the  meridian : 
lj>w  the  co-declination,  the  co-altitude,  and  the  time  from  noon  at  ei- 
fj:r  obfervation  being  known,  the  latitude  may  be  readily  computed  in 
fie  oblique  angled  triangle,  wherein  are  known  two  fides,  and  an  angle 
cpofite  to  one  of  them  to  find  the  other  fide,  which  is  the  co-latitude  \ 
fj'  which  fee  the  problem,  art.  1 013. 

Q^q  q  1020* 


0 
(I 
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?02o.  PROBLEM    XXXn. 

Given  the  fun's  declination,  two  altitudes,  and  the  difference  of  th 

magnetic  azimuths ;        ,* 
Required  the  latitude  of  the  place. 

Exam.  On  the  1\JI  of  May,  the  fun's  declination  being  20°  1 6'  2V.,  i 
the  morning  when  the  fun  was  on  the  ESE.' point  of  the  cornpafs,  his  altituc 
Was  43°  30' ;  and  when  he  b$re  S.  200  30'  E.  his  altitude  was  580  30' 
What  is  the  latitude  of  the  plate  of  obferuation  ? 

Construction, 
Let  the.  primitive  circle  reprefent  the  azimuth  circle  the  fun  was  on  < 
the  greateft  altitude  580  30',  a  being  the  fun's  place  at  that  time,  h  :  [■ 
the  horizon,  and  z  the  zenith  j  draw  a  a  a  parallel  of  430  30'  of  altitudi    i 
and  [45 1 )  defcribe  a  vertical  circle,  making  an  angle  with  az,  of  4^ 
CO',  the  diff.  of  the  obferved  azimuths  >  where  this  cuts  the  parallel  <    • 
altitude  a  a,  gives  B  the  fun's  place  at  the  firft  observation  :  Then  fma   : 
circles  being  defcribtd  about  a  and  B,  as  poles,  at  the  diftances  of  6<; 
44',  the  co-declination  (454),  their  interferon  will  give  p  the  place  ( 
$he  pole  :    Thro'  a,   b  ;  p,  a  ;   p,  b  ;  and  z,  p,  defcribe  great  circlt    :: 
[441) ;  then  pz  is  the  co-latitude  fought. 

Computation. 
ift.  In  the  fpheric  triangle  azb  :  Given  az  =  a's  co-alt.    —  31* 3c 

bz  =  b's  co-alt.     =  46  3c  .;' 
Z.AZB  =s  diff.  of  az.  =  47  oc    ] 


Required  Z.aez  r=  45  4:   ^ 
AB  =32  1;   ' 

gd.  In  the  fpheric  triangle  apb  :  Given  ap  =  A'sco-decl.  =  69  44 

bp  =  b's  co-decl.  =  69  4^  *t 
ab  —  diftance       =32  imp 

Required  Z.Abp  =83  5: 

3d.  In  the  fpheric  triangle  zbp  :  Given  bz  =  b's  co-alt.   =46  31 1 

pb  =s  b's  co-decl.  =  69  4^  ' 
Z.ZBP  =  38    n   I 

Requir.  zp  =  co-lat.         rz:  39  2J  , 
Therefore  the  latitude  of  the  place  is  500  39'  N. 


X021.  P  R  O  BLEM    XXXIII. 

Two  known  ftars  being  obferved  on  the  fame  azimuth,  and  two  otlnj  J 
jcuown  ftars  being  obierved  on  another  azimuth,  and  the  time  bet we«': 
$he  obfervations'  being  known  ;  to  find  the  latitude  of  the  place. 

Exam.  Tlieflars  Akkbaran  in  Taurus,  and  Regel  in  Orionr  were^m 
prved  on  the  feune  azimuth  j  and  2  h.  35  m.  after ,  the  ftars  Caftor  in  G< 
mini  and  the  Hydra's  heart  were  alfo  obferved  on  another  a%itrruth ;  Wh 
ivas  the  latitude  of  the  place  of  cbferiiation  <? 

Col 
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Construction. 
j  On  the  plane  of  the  equator  put  the  ftars  Aldebarari  and  Regel  at  A$ 
I  alfo  the  ftars  Caftor  and  Hydra  at  c,  d,  by  the  means  of  their  right 
cenfions  and  declinations  (2d  and  3d  of  970).:  Let  the  ftars  c,  d,  be 
<oved  forwards  2h  35th,  or  38*45'  tb  c,  d  ;  thro'  a,  b,  and  d,  C$  defcribe 
,41)  great  circles  interfering  in  z,  the  zenith  of  the  place;  draw  the 

eat  circles  AC  and  pz,  then  themeafure  of  pz  gives  the  co-latitude  re* 
aired. 

Computation. 

Aldebaran's  declin.  35  I5°5qN.  right  afcen.  As  4h2am=    65*  30'. 

Kegel's  .■  =     8  28  S.  =  5  01    =    75   15; 

Caftor's  =32  24-N.  =  7   17    =  109  i$. 

Hydra's  heart         .  t=     7  37  S.  =  9  16    =  139  00. 

jft.  In  the  triangle  pab,  where  pb  r=  98°  28',  pa  —  74°or',  Z.APB 

I  9°  *5'- 

.J  Then  tb.eZ.PAB  will  be  1570  46',  and  the  z.paz,  the  fupl.  =  22°  14'. 

.  2d.  In  the  triangle  pcd,  where  pb  =  970 -37'  PC  =  57°  36',  Z-CPDi 
j:  29°  45'. 
;Then  the  Z.PCD  wilr  be  13,9°  21',  and  the  Z-Pcz,  the  fupl.  =  40^39 . 


I 


Hd.  In  the  triangle  apc,  where  ap  =  740  oi\  cp  =  57°  36^  Z.APC 
4:  5°  00',  which  is  the  difference  between  2  h.  25  m.  and  the  difference 
Hi  the  right  afcenfions  of  A  and  c. 

i  Then  the  ZiPAc  will  be  i4°o6',  £pcA  =  i63°23',  and  ac=  i&°57'. 
Now  Z-PAC  -f-  Z.PAZ  =  Z.CAZ  =  360  20' 5  and  Z.PCA  —  Z.PCZ  =3 
HACZ  =  122°  44A.  --J 

^4th.  In  the  triangle  acz,  where  AC  aa  160  57' 5  Z_caz  =5:  360  2o'| 

4acz  — :  122°  44'., 

ui.Then  Cz  will  be  found  equal  to  24°  58'. 

,  5th.  In  the  triangle  cpz$  where  cz  s±  24*  58',  cp  =  £7*36',  Z.PC3 

I  4°e  3<f- 
Then  pz  will  be  found  equal  to  400  52'. 
'And  the  latitude  of  the  place  of  obfervatiori  is  49°  08'  N; 

.  There  might  be  given  a  great  variety  of  other  problems  to  find  the 
fitude  from  Various  circumftances  j  but  the  trouble  of  folvjng  them, 
j  well  as  fome  of  the  foregoing  ones,  is  too  great  to  render  them  of 
fneral  ufe :  And  indeed,  fome  of  them  were  only  inferted  as  trigono- 
istrical  exercifes  for  young  ftiidents ;  it  being  generally  allowed,  that 
fc  fciences  are  moft  readily  learned  by  working  of  many  examples : 
iid  on  this  account  it  was  judged,  that  the  few  following  queftions 
tight  not  be  unentertaining  to  thofe  who  have  a  love  for  thefe  matters. 
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SECTION    VII. 

Mifcellaneous  Problems. 

1022.  PROBLEM    XXXIV. 

In  the  latitude  of  20°  oo'  N.  Jiands  a  horizontal  dial,  whofe  gnomon  is 
perpendicular  to  the  plane  of  the  horizon  :  It  is  required  to  know  at  what 
hour  in  the  afternoon,  on  the  2i/?  of  June  1 7 53,  the  Jhadow  of  that  gnomon 
jhall Jiand Jlill ;  and  how  many  degrees  fiall  the  Jhadovj  run  back  ?  , 

Construction.  Let  the  circle  zrnh  be  the  meridian  of  the  place, 
HR  the  horizon,  whofe  poles  are  z,  N;  rp  ~  20°,  the  latitude,  p  and 
S  the  north  and  fouth  poles :  About  p  defcribe  the  parallel  of  decl.  a  a, 
cutting  the  horizon  in  l  ;  about  s  a  fmall  circle,  being  defcribed  at  the 
dift.  of  230  29',  its  interfe&ion  p  with  the  horizon,  is  the  pole  of  the  azi- 
muth circle  which  will  touch  the  parallel  a  a  in  ©,  the  place  of  the  fun 
when  he  has  the  greateft  azimuth  that  day  :  Thro'  z,  © ,  n,  defcribe  a 
vertical  circle  cutting  the  horizon  in  k  ;  and  thro'  ©  and  l  defcribe  the 
hour  circles  P©s,  pls. 

Then  will  the  Z.ZP©  be  equivalent  to  the  hour  when  the  fliadow  will 
ftand  ftill ;  and  kl,  the  difference  between  the  meafures  of  the  azimuth 
and  amplitude,  will  fhew  how  much  the  fliadow  will  run  back. 


Computation.  In  the  right  an- 
gled fpheric  triangle  prl. 
Given  Z.R  =  90°oo' 

lat.  -      r=RP  =  20  00 
co-dec.=  pl  =:  66  31 


In  rt.  angl.  fpheric  triangle  pGz. 
Given  Z_©    =  90*00' 

co-lat.    =     zp    z=  70  00 
co-decl.  ~    p©   =  66  31 

Required  hour  =  /Lzp©  =  33  06 
azim.  =  Z_©zp=  77  26 


Requir.  ampl.  =  rl  =  64  55 

Then  33°o6'  =  2  h.  12  m.  24  f. :  And  770  26'  —  640  55'  =  120  31 
So  that  the  fhadow  will  ftand  ftill  at  2  h.  12  m.  24 f.,  and  will  run! 
back  120  31'. 

1023.  PROBLEM    XXXV. 

A  comet,  whofe  declination  was  470  00'  N.y  was  chferved  to  be  dijlant 
from  a  Jlar  to  the  eajlward  49*  00'  j  the  Jlar's  declination  was  360  00'  N.y 
and  its  right  afcenfion  45  °  00' ;  What  ivas  the  latitude  and  longitude  of  that 
comet  ? 

Construction. 
On  the  plane  of  the  folftitial  colure,  where  p  and  e  are  the  poles  of 
the  equator  and  ecliptic,  put  the  ftar  at  a  by  its  right  afcenfion  and  de- 
clination :  About  p  and  a  defcribe  fmall  circles,  at  the  diftances  of  the 
comet  from  thofe  points,  their  interfec~tion  c  gives  the  place  of  the  co- 
met;  defcribe  great  circles  thro'  AC,  pc,  Ec,  then  ec  will  be  the  co- 
latitude,  and  the  z.pec  the  co-longitude  5  and  their  meafures  may  be  ob- 
tained from  articles  446,  44$* 

7      ^  Comp*. 
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Computation.  In  the  triangle 

apc. 

Given  the  *  's  co-decl.  pa  =  54°oo' 

comet's  co-decl.  pc  =  43  00 

their  diftance     AC  ==  49  00 


Req.com.rt.afc.fr.  *Z_apc=  65  48 
Then  65°48/ — 45°oo/  =  20°48. 
And90°oo/ — 20°48=69°i  2'=:cpe. 


In  the  triangle  epc. 
Given  comet's  co-decl.  pc  =  43°oo' 
obliq.  of  ecliptic  pe  r=  23  29 
comet's rt.afc.Z_EP 0=69  r?. 

R.eq.  comet's  co-lat.     ec^=39  53 
and  longit.     z_pec  =  83  47 
Which  being  in  the  4th  quadrant, 
gives  2  30  47'  in  X. 


1024.  PROBLEM    XXXVI. 

At  London,  on  the  lOtb  of  December,  I753»  at  what  time  of  the  night 
will  thefiars  Aldebaran  and  Kegel  be  on  the  fame  azimuth  circle  ? 

Aldeb.  decl.  =15°  59' N.  ;  right  afc.  =  4  h.  22  m.  Regel's  decl.  =3 
8°  28'  S. ;  right  afc.  =  5  h.  01  m. 

Their  difference  of  right  afcenfions  is  39  min.,  or  90  45'. 

Construction.  On  the  plane  of  the  equinoctial  put  Aldebaran  at 
A,  and  Regel  at  b,  by  their  right  afcenfions  and  declinations,  then  a 
great  circle  thro'  b  and  a  will  be  the  azimuth  they  are  on  at  the  time 
fought ;  and  the  parallel  of  London's  lat.  defcribed  about  P,  will  cut  the 
azimuth  circle  b  a  in  z%  the  zenith,  thro'  which  drawthe  meridians  pz,pz. 

Here  the  neareft  inteifection  to  the  ftars  is  taken  for  the  zenith ;  for 
as  the  ftars  are  both  above  the  horizon,  the  greateft  zenith  diftance  is 
lefs  than  90  degrees. 


Computation.  In  the  aapb. 
Given  b's  co-decl.      pb  =  98°28' 
a's  co-decl.      pa  =  74  01 
difF.  rt.  afc.  Z.apb  =    9  45 


In  the  triangle  apz. 
Given  a's  co-decl.   pa  =  74°oi' 
the  co-lat.        pz  =  38  28 
thefupl.of  BAPorZ_PAz=  22  14 


Required  the        Z_bap  =157  46      Req.Z-APzr=i44°io'or  ==  23  00 

Now  (by  966)  the  ftar  Aldebaran  comes  to  the  meridian  atnh.  32  m. 

in  the  evening  ;  which  leflened  by  1  h.  32  m.  (=  230  oo')  gives  9  h.  40  rn. 

for  the  time  in  the  evening  when  thofe  ftars  will  be  on  the  fame  azimuth. 


1025.  PROBLEM    XXXVII. 

;  At  what  time  in  the  evening  will  thefiars  Betelgeufe  aud  Pollux  have  one 
common  altitude  above  the  horizon  of  London,  on  the  10th  of  December,  1753  f 

Betelgeufe  right  afcen.  =  5  h.  42  m. ;  decl.  =  70  20'  N.  Pollux  right 
afcen.  =  7  h.  28  m. ;  decl.  =  280  36'  N. 

Their  difference  of  right  afcenfion  is  1  h.  46  m.  =  26*  30'. 

Construction.  On  a  primitive  circle,  where  any  point  p  reprefents 
the  pole  of  the  equinoctial,  put  the  ftars  Pollux  at  b,  and  Betelgeufe  at 
A,  by  their  decl.  and  diff.  of  right  afcenfions  ;  thro'  A,  b,  defcribe  a  great 
circle  ;  thro'  c,  the  middle  of  ab,  defcribe  a  great  circle  at  right  angles  to 
ab,  and  cutting  pa  in  d  ;  then  a  fmall  circle  defcribed  about  p>  at  the 
diftance  of  380  28',  the  co-lat.,  will  cut  the  circle  CD  in  z  the  zenith. 

For  the  ftars  a  and  b  having  a  common  altitude,  are  equally  diftant 
I  from  z. 

CoMPU- 
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Computation*     In  the  triangle  apb. 
Givea  a's  co-decl.    pa  =  820  40'  7  Required  the  Z.BAP     ±=     46s! 


\ 


Its  half 

Required  the 

Theref.  pa  <m 

,  Required 

Or  it  is 


AB 
AC 


=     32 
=     16 


b's  co-decl.     pb  see  61   24 
diff.  rt.afe.AAPB  =  26  30 
In  the  triangle  acd. 
Given  the  £c    •=. 

Z-A     3= 
:'>.  -  AC     =3 

In  the  triangle  Pdz. 
Given  the  co-lat.     pz  =  38"  28' 
pd  =  59  36 

APDZ  •35=    46    05    3 

Now  (by  966)  the  ftar  comes  to  the  meridian  at  12m  32  m.  in  d 
morning  ;  from  which  take  3I1.  54m,  (=  58*  30'j  as  the  ftars  are  to  tl 
eaft  of  the  meridian)  and  it  leaves  8  h.  38  m.  in  the  evening  foY  the  tin 
when  thofe  ftars  have  the  fame  altitude. 


£t>  =  46* 

23 

59 

660 
58 


AD    = 
■ADzzPD  ~c 

/LZPD       = 


1026.  PROBLEM    XXXVIIL 

Wanting  t&  know  the  latitude  and  longitude  of  a  comet  c,  its  dijlance  fro^ 
two  known  Jiars  A  and  b  tvere  obferved,  and  are  as  follows ; 

a's  lat.  r=  490  12'  N.  Lon.  =z  lb*  3$  X  ;  dijlance  from  c  =  450  05! 

b's  lat.  r=  30  05  N.  Lon.  r=  2  48  nj  dijlance  from  c  =  45  572 
"Hence  the  place  of  the  comet  c  is  required  f 

Construction.  On  the  plane  of  the  folftitial  colure,  where  e  is  tl 
pole  of  the  ecliptic*  put  the  ftars  a  and  b  by  their  latitudes  and  long! 
tudes,  and  defcribe  a  great  circle  thro'  a  and  B ;  then  fmall  circles  di [ 
fcribed  about  a  and  b  as  poles,  at  the  refpettive  diftances  of  the  comer 
their  interfedlion  c  will  give  its  place;  defcribe  great  circles  thro'  a,  c 
b,  c ;  e,  c  ;  and  EC  will  be  the  co-lat,  and  from  z_aec  will  be  obtaim 
the  longitude. 


.Computation.  In  the  aaeb. 

Given  a's  co-lat.  ae  =  40°48/ 
b's  co-lat.  be  =  59  55 
difF.  longit.Z-AEB  =3  76  09 


Required  .      ab  s 

and      Z_eab  as 

In  the  triangle  cea. 

Given  a's  co-lat.     ae  = 

diftance  ac  fcsa 


59  01 
78  3* 

40°- 48' 
49  °5 


and  the    Z*eac  =  134  58 


In  the  triangle  abc 
Given  the  diflance  ab  =5  59° of 
diftance   AC  =:  49  0 
diftance    bc  =  45  5; 

Required  the  Z.bac  -=  56  2;l 
ThenZ.  eab4*Z- b  aczz  Z.  e  Acr^i  34°5n 

(Required  the  co-lat.  ec  -zz  8i°3; 

difF.  lon.  asc  3=  32  4;- 

>  Hence  lat.  is  8*27' N.  lon.i9°2  2/»D«Y 


3027.  PROBLEM    &&XIX. 

'The  diflance  of  the  Jlar  c  being  obferiied  from  two  Jtars,  A,  e,  whoa 
latitude  and  dijlance  are  knoivn  ;  thence  to  find  the  lat.  and  long,  of  C. 

a's  lat.  =  5*  30' ;  dift.  from  e  322.39*  4®' :  &'s  lat.  M  9* §f  j  dirt,  froi 
€  35  io«  7-1' ;  And  the  diftoae*  of  ab  is  44*  4|'«- 


ASTRONOMY. 

Construction.  On  a  circle  of  longitude,  where  e  is  the  pole  of  the 
ecliptic,  put  the  ftar  b  by  its  lat. ;  about  the  points  B  and  E  defcribe  circles 
it  the  diftances  of  a  from  thofe  points,  their  interfection  gives  the  place 
of  a  ;  alfo  circles  defcribed  from  a  and  b,  at  the  diftances  of  c  refpec- 
tively  from  them,  their  interfection  is  the  place  of  c :  Then  defcribe  the 
great  circles  ea,  ec  ;.  ac,  abj  bc  j  arid  ec,  will  be  the  co-lat.,  and 
£BEC  the  longitude  from  b. 

Computation.  In  the  aaeb.  |  In  the  triangle  abc 

Qiven  a's  co-lat.     ae  =  84°30/  J  Given  the  diftance  ab  =  44°43'' 

»       b's  co-lat.       be  =  80  03  J  diftance  ac  =  39  40 

the  diftance    ab  =  44  43  diftance  bc  =  10  07I 

Required  the       z.abe  =  92  14  I  Required   the     /.abc  '=2  55  22 


In  the  triangle  bec. 
Given  b's  co-lat.      be  =  80*03' 
the  diftance  bc    =10  074 
Z.abe-Z,ABc=:)^.cbe=  36  52 


4 


Required  c's  co-lat.  ce  =  72*0 l' 
c's  Ion.  fr.  b,  /.-bec  =    6  22 


028.  PROBLEM    XL. 

From  the  altitudes  of  two  known  fixed  ftars,  and  the  altitude  of  a  placet 
vhen  in  the  fame  azimuth  with  one  of  thefe  ftars  5  to  find  the  place  of  tire 
Janet* 

Exam.  Obferved  the  Moon  and  Cor.  Leonis  in  the  lame  azimuth, when 
le  Moon's  zenith  diftance  was  36°  37'. 

Cor.  Leonis's  zenith  dift.   =45°oo/;  decl.i3*09'N. ;  rt.af.  9h53nV. 

Cor.  Hydra's  zenith  dift.    =  49  16  ;  decl.  7  37  S.  ;  rt.af.  9   16. 

Construction.  On  the  plane  of  the  equinocltial,  whofe  pole  is  P, 
raw  the  colures,  and  in  the  folftitial,  take  E  for  the  pole  of  the  ecliptic; 
lirt  the  given  ftars  at  b  and  a  by  their  declinations  and  right  afcenfions : 
i\bout  b  and  a  as  poles,  with  their  refpective  zenith  diftances,  defcribe 
ircles  cutting  in  z  the  zenith ;  thro'  z  and  b  defcribe  an  azimuth  circle, 
,nd  making  z  D  equal  to  the  D  's  zenith  diftance,  gives  her  place  :  Then 
fefcribe  the  great  circles  zb,  za,  z  D ,  e  B  ;  and  the  arc  e  D  will  be  the 
©-latitude,  and  Z.PE  D  the  longitude  from  25. 


'Computation,  In  the  aabp. 

jiven  a's  co-decl.  pa  ==  97°  37' 
b's  co-decl.  pb  =  76  51 
diff.  rt.X.  4bp'a  =.    9  15 


{Required  the      Z.abp  =155  38 
the  fide    ab  =  22  43 

In  the  triangle  B  D  p. 
liven  b's  co-decl.    bp.=  76p5j' 
Bz»«z  ])=)  fide  b  3)    =823 
^PlD    ==  65  42 


In  the  triangle  azb. 
Given  a's  zen.  dift.  za  =  49*1 6' 
b's  zen.  dift.    zb  =  45  00 
the  fide  ab  =  22  43 


/.abz  r=  89  56 

iLABZ=?/.ZBP5= 


.equ.  D's  co-decl.  P  D  —  73  32 
D'srtaf.  fr.-B,Z.BP  D  z=z     7  57 
hen  900  +  /_:c=pb  -jy  /.gp  j  — 
jd.*PJ  =  129?  22% 


' 


Required  the 

Then  Z_abp- 

650  42'. 

In  the  triangle  p  D  e. 
Given  obi.  of  eclip.  pe  =  i-giof 
D's  co-decl.  P  3)    =  73  32 
J'scorrt.  af.^-EP  j)  =329  22 

Jlequir.  3)  h  co-lat.  D E  —  89  00 
B'§  lQn?fr.23,z.PE  j)  =  47  52 

SECTION 


4$$  ASTRONOMY. 

SECTION    VIII. 

1029.  Of  the  U ft '•  of  the  Globes, 

By  the  Globes  here  are  meant  two  fpherical  bodies,  whofe  convc 
furfaces  are  fuppofed  to  give  a  true  reprefentation  of  the  earth  and  hez 
vens,  as  vifible  by  obfervation,  and  are  called  the  Terreftrial  and  C< 
leftial  globes. 

The  Terrestrial  globe  has  delineated  on  its  convexity,  the  who! 
furface  of  the  earth  and  fea  in  their  relative  fize,  form  and  fituation. 

The  Celestial  globe  has  drawn  on  its  furface,  the  images  of  tr 
feveral  conftellations  and  ftars  :  The  relative  magnitude  and  pofitioj 
which  the  ftars  are  obferved  to  have  in  the  heavens,  being  preferved  c 
this  globe. 

To  the  globes  are  fitted  certain  appurtenances,  whereby  a  great  v; 
riety  of  ufeful  problems  are  neatly  folved. 

The  Brazen  meridian  is  that  ring  or  hoop  in  which  the  glot 
hangs  on  its  axis  ;  which  is  reprefented  by  two  wires  pafling  thro'  i 
poles.  This  circle  is  divided  into  four  quarters  of  900  each  j  in  one  f< 
rnicircle  the  divisions  begin  at  each  pole,  and  end  at  900,  where  the 
-meet :  In  the  other  femicirqlc,  the  divisions  begin  at  the  middle,  and  pn 
ce.ed  thence  {ow.ards  each  pole,  where  they  end  at  90  degrees.  Tr 
graduated  fide  of  this  brazen  circle  ferves  as  a  meridian  for  any  point  c 
the  furface  of  the  earthy  the  globe  being  turned  about  till  that  poii 
comes  under  the  circle. 

The  Hour  circle  is  a  fmall  circle  of  brafs  which  is  divided  into  2 
"hours,  the  quarters  and  half  quarters ;  It  is  fixed  on  the  brazen  meridiai 
equally  diftant  from  the  north  end  of  the  axis,  to  which  an  index  is  fittei 
that  points  out  the  divifions  of  the  hour  circle  as  the  globe  is  turned  abou 

The  Horizon  is  reprefented  by  the  upper  furface  of  the  wooden  circi 
lar  frame  encompafling  the  globe  about  its  middle.  On  this  wooden  fran 
5s  a  kind  of  perpetual  calendar,  contained  in  feveral  concentric  circles 
The  inner  one  is  divided  into  4  quarters  of  90  degrees  each ;  the  nej 
circle  is  divided  into  the  12  months,  with  the  days  in  each,  according  \ 
the  new  ftile  ;  the  next  contains  the  12  equal  figns  of  the  zodiac,  eac 
being  divided  into  30  degrees ;  the  next  is  the  12  months  and  days  accon 
ing  to  the  old  ftile;  and  there  is  another  circle,  containing  the  32  wind 
with  their  halves  and  quarters.  Altho'  thefe  circles  are  on  all  horizon 
yet  their  difpofition  by  the  workmen  are  riot  always  the  fame. 

The  Quadrant  of  altitude  is  a  thin  flip  of  brafs,  one  edge  » 
which  is  graduated  into  90  degrees  and  their  quarters,  equal  to  thofe  of  tl 
meridian  :  To  one  end  of  this  is  fixed  a  brafs  nut  and  fcrewa  whereby  it 
put  on  and  fattened  to  the  meridian;  which,  if  in  the  zenith  or  pole  of  tl 
horizon,  then  the  graduated  edge  reprefents  a  vertical  circle  pafling  thr 
any  point. 

Befide  thefe,  there  are  feveral  circle,?  defcribed  on  the  furfaces  of  bo' 
globes,  fuch  as  the  equinoctial,  ecliptic,  circles  of  longitude  and  right  a 
cenfion,  the  tropics,  polar  circles,  parallels  of  lat.  and  decl.,  on  the  celefti 
globe:  and  on  the  terreftrial,  the  equator,  ecliptic,  tropics,  polar  circle 
para!:'.!',  of  latitude,  hour  circles,  or  meridians  to  every  15  degrees,  and  tl 
fpiral  rhumbs  flowing  from  feveral  centres,  called  Flies, 
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[030.  PROBLEM    I. 

To  find  the  latitude  and  longitude  of  any  place  on  the  terrejlrial  globe. 

•  s 

I  ift.  Bring  the  given  place  under  that  fide  of  the  graduated  brazen  me- 
idian  where  the  degrees  begin  at  the  equator,  by  turning  the  globe  about. 

2d.  Then  the  degree  of  the  meridian  over  it,  fhews  the  latitude. 

3d.  And  the  degree  of  the  equator  under  the  merid.,  fhews  the  longit. 

On  fome  globes,  the  longitude  is  reckoned  on  the  equator,  from  the< 
iiieridian  where  it  begins,  only  eaflward  until  it  ends  at  3600  :  On  fuch, 
jobes,  when  the  longitude  of  a  place  exceeds  1800,  take/it  from  360*, 
:d  call  the  remainder  the  longitude  weftward. 

531.  PROBLEM    II. 

To  find  any  place  on  the  globe  whofie  latitude  and  longitude  are  given. 

ift.  Bring  the  given  longitude,  found  on  the  equator,  to  the  meridian. 
2d.  Then  under  the  given  latitude,  found  on, the  meridian,  is  the  place- 

'tight.  .  , 

.32.  PROBLEM    III. 

To  find  the  dijlance  and  bearing  of  any  two  given  places  on  the  globe. 

ift.  Lay  the  graduated  edge  of  the  quadrant  of  altitude  over  both  places', 
b  beginning,  or  o  deg.  being  on  one  of  them,  and  the  degrees  between 
,em  fhews  their  diftance ;  thefe  degrees  multiplied  by  60  gives  fea  miles, 
fd  by  70  gives  the  diftance  in  land  miles  nearly. 

2d.  Obferve  while  the  quadrant  lies  in  this  pofition,  what  rhumb  of 
b  neareft  fly  runs  moftly  parallel  to  the  edge  of  the  quadrant,  and  that 
umb  fhews  the  bearing  fought  nearly. 

33.  PROBLEM    IV. 

To  find  toe  funs  place  and  declination  on  any  day. 

ift.  Seek  the  given  day  in  the  circle  of  months  on  the  horizon,  and 
;ht  againft  it,  in  the  circle  of  figns,  is  the  fun's  place. 
Thus  it  will  be  found  that  the  fun  enters 

>e  fpring  figns,  Aries,  March  20.  Taurus,  April  20.  Gemini,  May  21. 
•e  fummer figns,  Cancer,  June  21.  Leo  July  23.  Virgo,  Auguft  23. 
ftumnal  figns,  Libra,  Sept.  22.  Scorpio,  Oft.  23.  Sagittar.  Nov.  22. 
\e  winter  figns,  Capric.  Dec.  21.  Aquarius,  Jan.  20.  Pifces,  Feb.  18. 
2d.  Seek  the  fun's  place  in  the  ecliptic  on  the  globe,  brirag  that  place 

the  meridian,  and  the  divifion  it  ftands  under  is  the  fun's  declination 

the  given  day. 

On  the  globes,  the  ecliptic  is  readily  diftinguifhed  from  the  equator, 
t  only  by  the  different  colours  wherewith  they  are  ftained,  but  alio 
the  ecliptic's  approaching  towards  the  poles,  after  its  interfecStion  with 
}  equator.  The  marks  of  the  figns  are  alfo  put  along  the  ecliptic, 
5  at  the  beginning  of  every  fucceflive  30  degrees, 

Rrx    l  1024. 
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J034.  PROBLEM    V. 

To  rectify  the  globe  for  the  latitude,  zenith,  and  noon. 

1  ft.  Set  the  globe  upon  an  horizontal  plane,  with  its  parts  anfwerir 
to  thofe  of  the  world;    move  the  meridian  in  its  notches,  by  railing  il 
deprefting  the  pole,  until  the  degrees  of  latitude  cut  the  horizon  j  th{; 
is  the  globe  rectified  for  the  latitude, 

2d.  Reckon  the  latitude  from  the  equator  towards  the  elevated  pol 
there  fcrew  the  bevil  edge  of  the  nut  belonging  to  the  quadrant  of  alt 
tude,  and  the  rectification  is  made  for  the  zenith. 

3d,  Bring  the  fun's  place  (found  by  the  laft  problem)  to  the  meridiaj 
fet  the  index  to  the  xu  at  noon,  or  upper  xii,  and  the  globe  is  reel 
fled  for  the  fun's  fouthing,  or  noon, 

1035.  PROBLEM    VI. 

To  find  where  the  fun  is  vertical  at  any  given  time. 

I  ft.  Bring  the  fun's  place,  found  for  the  given  day  ( 1033),  to  the  ml 
ridian,  note  the  degree  over  it,  and  fet  the  index  to  the  given  hour.    | 

2d.  Turn  the  globe  till  the  index  comes  to  12  at  noon,  then  the  plaif 
under  the  faid  noted  degree  has  the  fun  in  the  zenith  at  that  time. 

3d.  All  the  places  that  pafs  under  that  degree,  by  turning  the  gloBJ 
round,  will  have  the  fun  vertical  to  them  on  that  day, 

1036.  PROBLEM    VII, 

To  find  what  days  the  fun  will  be  vertical  at  any  given  place  in  the  torm 

.  zone. 

ift.  Note  the  latitude  of  the  given  place  on  the  meridian. 

2d.  Turn  the  globe,  and  note  what  points  of  the  ecliptic  pafs  until 
the  latitude  noted  on  the  meridian. 

3d.  Seek  thofe  points  of  the  ecliptic  in  the  circle  of  figns  on  the  r.Uj 
yizon,  and  right  againft  them  in  the  circle  of  months  ftand  the  dug 
required. 

In  this  manner  it  will  be  found,  that  the  fun  will  be  vertical  to  the  I 
land  of  St.  Helena  on  the  6th  of  November,  and  on  the  4th  of  Februaill 
And  at  Barbadoes  on  the  24th  of  April,  and  the  1 8th  of  Auguft. 

1037.  .  PROBLEM    VIII. 

At  any  given  hour  in  a  given  place,  to  find  what  hour  it  is  in  any  em 
place? 

j  ft.  Bring  the  place  where  the  time  is  given  to  the  meridian,  and  t 
the  index  to  the  given  hour, 

2d,  Bring  the  other  given  place  to  the  meridian,  and  the  index  fhei 
the  hour  correfponding  to  the  given  time. 

10'. 
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038.  PROBLEM     IX. 

At  any  given  time,  to  find  all  tbofe  places  of  the  earth  where  the  fun  is 
ben  r'tfmg  or  fetting,  where  mid-day  or  midnight. 

Find  the  place  where  the  fun  is  vertical  at  the  given  time  (1035)5 
e&ify  the  globe  for  the  latitude  of  that  place,  and  bring  it  to  the  me- 
idian. 

Then  all  thofe  places,  that  are  in  the  weft  half  of  the  horizon,  have 
be  fun  riling ;  and  thofe  in  the  eaftern  half  have  it  fetting. 

Thofe  under  the  meridian  above  the  horizon  have  the  fun  culminating* 
r  noon  j  and  thofe  under  the  meridian  below  the  horizon  have  midnight  * 
'■  Thofe  above  the  horizon  have  day  5  thofe  below  it  have  night. 

039.  .  PROBLEM    X. 

To  fndihe  angle  of  pofition  of  two  places  ;  or,  the  angle  made  by  the  me* 
dian  of  one  place $  and  a  great  circle  pajfing  thro  both  places. 

Rectify  for  the  latitude  of  one  of  the  given  places,  and  bring  it  to  the 
i  leridian  ;  there  fix  the  quadrant  of  altitude,  and  fet  its  graduated  edge 
1 1  the  other  place  :  Then  will  that  edge  of  the  quadrant  cut  the  horizon 
Ltathe  degree  of  polition  fought. 

f  Thus,  the  angle  of  pofition  at  the  Land's  end  to  Barbadoes  is  fouth 
[  IS9  wefterly  :  But  the  angle  of  pofition  at  Barbadoes  to  the  Land's  end 
r  north  374  degrees  eafterly. 

f  Hence  neither  of  thefe  positions  can  be  the  true  bearing ;  for  the  rhumb 
li  ifling  thro*  both  places,  will  be  oppofite  one  way  to  what  it  is  the  other. 

b4o.  PROBLEM     XL 

The  latitude  of  any  place  not  within  the  polar  circle  being  given)  to  find 
It  time  of  fun-rijing  and  fetting?  and  the  length  of  the  day  and  night. 

I  Rectify  for  the  latitude  and  the  noon  ;  bring  the  fun's  place  to  the 

i  .ftern  fide  of  the  horizon,  and  the  index  fhews  the  time  of  riling  :  The 

fen's  place  brought  to  the  weftern  fide  of  the  horizon,  the  index  gives 

Be  fetting. 
Or,  The  time  of  riling  taken  from  12  hours  gives  the  time  of  fetting* 
The  time  of  fetting  being  doubled  gives  the  length  of  the  day. 

V  And  the  time  of  rifing  being  doubled  gives  the  length  of  the  night. 

r>  Thus,  at  London,  on  April  15th,  the  day  is   13^  hours  j  the  night 

(  >|  hours. 

)4i.  PROBLEM    XII. 

To  find  the  length  of  the  longefi  and  fiorteft  days  in  any  given  place. 

Rectify  for  the  latitude ;  bring  the  folftitial  point  of  that  hemifphere 
I  the  eafcern  part  of  the  horizon,  fet  the  index  to  12  at  noon  j  turn  the 
pbe  till  the  folftitial  point  comes  to  the  weftern  fide  of  the  horizon, 
ie  hours  paft  over  by  die  index  give  the  length  of  the  longeft  day,  or 
i?ht ;  and  its  complement  to  24  hours  gives  the  length  of  the  Ihorteft 
^ht,"  or  day* 

Errs  S04r. 
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1042.  PROBLEM     XIII. 

A  place  being  given  in  either  frigid  or  frozen  zone,  to  find  the  time  wh 
the  fun  begins  to  appear  aty  or  depart  from,  that  place  :  Alfo  how  many  fu\ 
cejjive  days  he  is  prefent  to,  or  abfent  from,  that  place. 

Rectify  for  the  latitude,  turn  the  globe,  and  obferve  what  decrees 
the  ftrft  and  fecond  quadrants  of  the  ecliptic  are  cut  by  the  north  poi 
of  the  horizon,  the  latitude  being  fuppofed  north. 

Find  thofe  degrees  in  the  circle  of  figns  on  the  horizon,  and  th< 
correfponding  days  of  the  month,  and  aH  the  time  between  thofe  days  f. 
fun  will  not  fet  in  that  place. 

Again.  Obferve  what  degree  in  the  third  and  fourth  quadrants  of  t' 
ecliptic  will  be  cut  by  the  fouth  point  of  the  horizon,  and  the  days  ail 
fwering:  Then  the  fun  will  be  quite  abfent  from  the  given  place  duri) 
the  intermediate  days  ;  that  day  in  the  3d  quadrant,  mews  when  he  b 
gins  to  difappearj  and  that  in  the  4th  quadrant,  fhews  when  he  begi; 
to  fhine  in  the  place  propofed. 

Thus,  at  the  North  cape,  in  lat.  710,  the  fun  never  fets  from  May  ;l 
to  July  28,  which  is  74  days ;  and  never  rifes  from  November  16 
January  24,  which  is  69  days. 

1043.  PROBLEM    XIV. 

To  find  the  antceci^  periaci,  and  antipodes  of  any  place. 

Bring  the  given  place  to  the  meridian,  tell  as  many  degrees  of  latitui 
on  the  contrary  fide  of  the  equator,  and  it  gives  the  place  of  the  antaec 
that  is,  of  thofe  who  have  oppofite  feafons  of  the  year,  but  the  far 
times  of  the  day. 

The  given  place  being  under  the  meridian,  fet  the  index  to  12 
noon,  turn  the  globe  till  the  index  points  to  12  at  night,  and  the  poit 
under  the  meridian  in  the  given  latitude  is  the  place  ©f  the  periseci ;  thj 
is,  of  thofe  who  have  the  fame  feafons  of  the  year,  but  oppofite  timl 
of  the  day. 

The  globe  remaining  in  this  pofition,  feek  on  the  contrary  fide  t 
equator  for  the  degrees  of  latitude  given,  and  the  point  under  the  mei| 
dian  thus  found  will  be  the  antipodes  to  the  given  place ;  that  is,  of  fu<| 
whofe  feafons  of  the  year  and  times  of  the  day  are  directly  oppofite 
thofe  of  the  given  place. 

1044.  PROBLEM    XV. 

v   To  find  the  beginning  and  end  of  the  twilight  in  any  place. 

Rectify  the  globe  for  the  latitude,  zenith,  and  noon.  (IC>3' 

Seek  the  point  of  the  ecliptic  oppofite  to  the  fun's  place,  turn  tl 
globe  and  quadrant  of  altitude,  till  the  faid  oppofite  point  of  the  ec!ipt| 
ftands  againft  18  degrees  on  the  quadrant  of  altitude  ;  then  will  the  indij 
ihew  the  beginning  or  end  of  the  twilight :  That  is,  the  beginning 
the  morning,  when  thofe  points  meet  in  the  weftern  hemifphere ;  or  ti 
end  in  the  evening,  when  the  laid  points  meet  in  the  caftern  hemifpher 

*°4 
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1045.  PROBLEM    XVI. 

The  latitude  of  a  place  and  day  of  the  month  being  given ;  to  find -the 
fun's  declination,  meridian  altitude,  right  afcenfion,  amplitude,  oblique  afcen- 
fion,  afcenfional  difference  j  and  thence  the  time  of  rifmg,  fetting,  length  of 
the  day  and  night. 

;    Rectify  for  the  latitude  and  noon.     Then 

The  degree  of  the  meridian  over  the  fun's  place  is  the  declination, 
i    The  meridian  altitude  is  fhewn  by  the  degrees  the  fun  is  above  the  ho- 
izon ;  and  is  equal  to  the  Aim  or  difF.  of  the  co-lat  and  declin. 

The  fun's  right  afcen.  is  that  degree  of  the  equator  under  the  meridian, 
jj'  Bring  the  fun's  place  to  the  eaftern  part  of  the  horizon.     Then 

The  amplitude  is  that  degree  of  the  horizon  oppofite  the  fun. 

The  oblique  afcenfion  is  that  degree  of  the  equator  cut  by  the  horizon. 

The  afcen.  difF.  is  the  difF.  between  the  right  and  oblique  afcenfions. 

The  afcen.  difF.  converted  into  time,  will  give  the  time  the  fun  rifes 
lefore  or  after  the  hour  of  fix,  according  as  his  amplitude  is  to  the 
lorthward  or  fouthward  of  the  eaft  point  of  the  horizon. 


046.  PROBLEM    XVII. 

Given  the  latitude  of  the  place  and  day  of  the  month  j  to  find  the  futfs 
Ititude  and  azimuth,  either  when  he  is  due  eajl  or  weft,  at  6  o'clock,  or  at 
ny  other  hour  while  he  is  above  the  horizon. 

;  Rectify  the  globe  for  the  latitude,  zenith,  and  noon. 

Set  the  quadrant  of  altitude  to  the  eaft  point  of  the  horizon,  turn  the 
lobe  till  the  fun's  place  comes  to  the  quadrant's  edge,  and  it  fhews  the 
Ititude,  his  azimuth  being  now  90%  and  the  index  mews  the  hour. 
j  Turn  the  globe  till  the  index  points  at  6,  there  ftay  it,  and  move  the 
tuadrant  till  its  edge  cuts  the  fun's  place ;  then  the  degrees  at  the  fun 
lews  its  altitude,  and  the  degrees  cut  by  the  quadrant  in  the  horizon 
lews  the  azimuth,  reckoning  from  the  north. 

j  In  like  manner,  the  globe  being  turned  till  the  index  is  againft  any 
ther  hour,  fuppofe  10  in  the  forenoon.     Then 

t  The  graduated  edge  of  the  quadrant  of  altitude  being  turned  to  cut 
ie  fun's  place,  will  give  both  the  altitude  and  azimuth  at  that  time. 


047.  PROBLEM    XVIII. 

Given  the  latitude,  day  of  the  month,  and  fun's  altitude ;  to  find  the  azi* 
'Uth  and  hour  of  the  day. 

Reclify  the  globe  for  the  latitude,  zenith,  and  noon. 

Turn  the  globe  and  quadrant  until  the  fun's  place  coincide  with  the 
raduated  edge  of  the  quadrant. 

Then  will  that  edge  of  the  quadrant  cut  in  the  horizon  the  degrees  of 
'timuth,  reckoned  from  then.grt.hi  «nd  the  index  will  fhew  the  hour 
I  the  day. 
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!048.  PROBLEM    XIX. 

To  reprefent  the  appearance  of  the  heavens  at  any  time  in  a  given  plact. 

Re&ify  the  celeftial  globe  for  the  latitude,  zenith,  and  noon,  am 
turn  the  globe  till  the  index  points  at  the  given  hour.     Then 

Thofe  ftars  in  the  eaftern  half  of  the  horizon  are  rifing  ;  thofe  in  th 
Weftern  are  fetting ;  and  thofe  in  the  meridian  are  culminating. 

The  quadrant  being  fet  to  any  given  ftar  will  fhew  its  altitude,  and  a 
the  fame  time  its  azimuth,  reckoned  in  the  horizon. 

Now  by  turning  the  globe  round,  it  will  readily  appear  what  ftar 
never  fet  in  that  place,  and  thofe  which  never  rife ;  thofe  of  perpetual 
apparition  never  go  below  the  horizon,  and  thofe  of  perpetual  abfenc 
never  come  above  it. 

1049.  PROBLEM    XX. 

To  find  the  latitude  and  longitude  of  any  flar. 

Put  the  centre  of  the  quadrant  of  altitude  on  the  pole  of  the  ecliptic 
and  its  graduated  edge  on  the  given  ftar.     Then 

The  latitude  is  (hewn  by  the  degrees  between  the  ecliptic  and  ftar. 
The  longitude  is  the  degrees  cut  on  the  ecliptic  by  the  quadrant. 

1050.  PROBLEM    XXI. 

To  find  the  declination  and  right  afcenfion  of  a  flar. 

Bring  the  ftar  to  the  meridian,  the  degree  over  it  is  the  declination 
and  the  degree  of  the  equator  under  the  meridian  is  the  right  afcenfion. 

1051.  PROBLEM    XXII. 

On  any  day,  and  in  any  given  place  ->  to  find  when  a  prop  fed  flar  rifti 
fets,  or  culminates. 

Rectify  the  globe  for  the  latitude  and  noon. 

Bring  the  ftar  to  the  eaftern  fide  of  the  horizon,  and  the  index  fhew 
the  time  of  its  rifing. 

Turn  the  globe  till  the  ftar  comes  to  the  meridian,  and  the  inde: 
fhews  the  time  of  its  culminating ;  and  in  like  manner  when  it  fets,  th 
time  will  be  fhewn  by  the  index. 

Its  meridian  altitude,  oblique  afcenfion,  and  afcenfional  difference,  ar 
found  in  the  fame  manner  as  for  the  fun  at  art.  1045, 
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Articles  1052,  1053,  1054,  1055,  IOS6o 

ASTRONOMICAL  TABLES 

O  F    T  H  E 

declinations  and  Right  AfcenGons 

O  F    T  H  E 

Sun  and  Fixed  Stars ; 

Calculated  for  the  year  1753, 
Arid  ferving  for  the  next  twelve  years. 

ALSO, 

Ta  b  l  e  to  reduce  the  Sun's  declination  from  the 
meridian  of  London  to  that  of  any  other  place. 

And  a  ufeful  Ta  b  le  of  Refractions, 
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1052.  A  Table  of  the  Sun's  Declination 

For  the  years  1753,  I757j  1761  >   each  being  the  firft  after  Leap-yeai 
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1052.  A  Table  of  the  Sun's  Declination 

"or  the  years  1754,  1756, 1762  ;  each  being  the  fecond  after  Leap-year. 
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1052.  A  Ta ble  of  the  Sun's  Declination 
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1053.  A  Table  of  the  Sun's  Right  Afcenfion. 
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1054.    A  Table  of  the  Right  Afcenfion  and  'Declination 
of  the  principal  Fixed  Stars  ;  as  in  the  year  1 
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f  Lyon's  heart 
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1     53 
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7  17 

8  45 
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1 
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2?  36N 
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— 

f    .-  ■' 

B 
0 
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« 
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X 
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Perseus 

Auriga 

Bootes 

North  Crown 
Eagle 

Pegasus 

Cassiopeia 

Great  Bear 

Hercules 
Lyra 
Swan 
Little  Bear 

f  In  the  girdle 

1  In  the  foot 

f  Medufa's  head 

1  In  Perfius's  fide 

In  the  preceding  fhould. 

C  The  brighteft 

I  In  the  following  thigh 

Brighteft  in  the  crown 

Eagle's  heart 

f  In  Pegafus's  wing 

1  In  Pegafus's  leg 

In  the  breaft 

r  Upper  pointer 

j  Lower  pointer 

J  Firft  in  the  tail 

C  Laft  in  the  tail 

In  the  head 

In  the  harp 

In  the  tail 

Pole  ftar 

MlRACK 

Almaach 

Algol 

Algenib 

Capella 

Arcturus 

MlRACH 

Altair 
Markab 
Scheat 

SCHEDAR 

Dubhe 

Aliath 
Benetnasch 
Ras  Algethi 
Vega 
Deneb 

0  5.6 

1  49 

2  52 

3  07 

4  59 

14  03 

J4    33 

15  22 

19  39 

**     53 

22     52 
0    27 
10    46 
10    45 

12  41 

13  36 

17  03 

18  29 

20  33 
O      42 

34  18N. 
+1  08N, 

39  59™- 
48  58N. 

45  43N. 
20  30N. 
28  06N. 
27  33N. 
8  14N. 

*3  53N- 
26  43N. 

55  »N. 
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57  18N. 
50  31N. 
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42  25N. 
88  00N. 
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0 
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Canopus 
Acharnar 
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a 
a. 
a 
a 

a, 

a 
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7  20N. 

16  23  S. 
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3°  55  s- 
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59  46  S.. 
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1055.  A  Table  for  reducing  the  tables  of  the  Sun's  decline 
tion  from  the  meridian  of  London  to  any  other  meridia} 
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c8 

09 

10 

10 

22 

01 

02 

03 

04 

OS 

os 

o5 

07 

oS 

09 

10 

11 

*3 

01 

02 

°1 

04 

°S 
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BOOK     IX. 
OF     DAYS     WORKS. 


57-T3  Y  Days  works  is  here  meant  the  practical  methods  of  find- 
J3  jng  a  fhip's  place  every  day  at  noon,  and  fettling  the  courfe 
d  diftance  {he  has  then  to  fail. 

The  navigator  requires  for  this  purpofe  the  following  elements,  or 
efTary  things  to  be  known. 

I.  The  means  of  meafuring  and  correcting  the  run  of  the  fhip. 

II.  The  nature  and  ufe  of  the  fea  and  azimuth  compaiTes. 

III.  How  to  find  the  fun's  amplitude  and  azimuth.' 

IV.  How  to  find  the  variation  of  the  compafs,  and  thereby  to  correct 

the  courfes  the  fhip  has  failed. 

V.  How  to  find  the  fhip's  lee-way,  and  thence  correct  the  courfes. 

VI.  The  nature  and  ufe  of  the  inftruments  proper  for  taking  the  alti- 

tudes of  celeftial  objects. 

VII.  To  find  the  latitude  by  obfervation. 

VIII.  How  to  correct  the  current  daily  account  of  latitude  and  lon- 

gitude. 
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SECTION     I. 

1058.  Of  the  meafuring  a  Jhifs  run. 

A  great  variety  cf  methods  have  been  propofed  to  meafure  the  rat 
at  which  a  fhip  fails,  but  that  moftly  in  ufe  at  this  time,  efpecially  amon 
the  Englifh,  is  by  the  log  and  half  minute  glafs. 

The  Log  is  a  piece  of  thin  board  of  a  quadrantal  form,  loaded  in  th 
circular  fide  with  lead  fufficient  to  make  it  fwim  upright  in  the  water 
To  this  is  fattened  a  line  of  about  150  fathoms  long,  called  the  Log 
line,  which  is  divided  into  certain  fpaces  called  knots  j  and  the  log-lin 
is  wound  on  a  reel  which  turns  very  eafily. 

The  Half  minute  glass  is  of  the  make  of  an  hour  glafs,  and  con 
tains  fuch  a  quantity  of  fine  fand  as  will  run  thro*  the  hole  in  its  neci 
in  half  a  minute  of  time. 

The  making  of  the  experiment  to  find  the  velocity  of  the  fhip,  i 
called  HpAyiNG  the  Log,  which  is  thus  performed. 

Two  men  hold  the  reel  between  them,  and  another  holds  the  ha! 
minute  glafs ;  an  officer  of  the  watch  throws  the  log  over  the  fhip' 
ftern,  and  when  he  obferves  the  ftray  line  is  run  off  the  reel  (which  i 
about  10  fathoms,  this  diftance  being  ufually  allowed  to  carry  the  Io 
out  of  the  eddy  of  the  fhip's  wake),  and  the  firft  mark  is  going  off,  h 
cries  turn  !  the  glafs  holder  anfwers  done  I  who  watching  the  glafs,  th; 
moment  it  is  run  out  fays  flop  !  the  reel  being  immediately  ftopt,  the  lai 
mark  run  off  fhews  the  number  of  knots,  and  the  diftance  of  that  mar 
from  the  reel  is  eftimated  in  fathoms  :  Then  the  knots  and  fathoms  to 
gether  fhew  the  diftance  the  fhip  has  run  the  preceding  hour,  if  the  win 
has  been  conftant. 

In  the  King's  fhips,  India  fhips,  and  fome  others,  it  is  ufual  to  heav 
the  log  every  hour :  But  coafters,  and  thofe  ufing  fhort  voyages,  heav 
the  log  once  in  two  hours  only. 

1059.  This  practice  of  meafuring  a  fhip's  rate  of  failing,  is  foundei 
upon  the  following  principle. 

That  the  length  of  each  ftnot,  ought  to  be  the  fame  part  of  a  fea  mile < 
as  half  a  minute  is,  of  an  hour. 

Therefore  the  length  of  each  knot  mould  be  either 

(4  X  -sV  =)       T4^      of  a  nautical  mile. 

Or  (i  x  £  x  -gV  ==)     TT^      of  a  degree. 

Or  (i  x  -ij  x  -sV  x  xl?  =)  ,T?;^  of  a  great  circle  of  the  earth. 

By  Mr.  Richard  Norwood's  experiment  (fee  art.  900),  it  appears  tha 
a  degree  of  a  great  circle  on  the  earth  contains  367200  Englifh  feet 
and  ^'eth  thereof,  or  6120  feet,  are  in  one  nautical  mile. 

Hence  -r^-th  of  6120,  or  51  feet,  fhould  be  the  length  of  each  knot 

But  becaufe  it  is  fafer  to  have  the  reckoning  rather  before  the  fhi 
than  after  it,  therefore  50  feet  may  be  taken  ^s  the  proper  length  c 
each  knot, 

And  as  moft  men  can  conveniently  fathom  with  their  arms  abou 
5  feet  j  fo  a  knot  may  be  fuppofed  to  cenfift  of  10  fathoms,  each  0 
5  feet. 
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The  length  of  the  knots  in  the  log-line  ufed  formerly  were  only  of* 
42  feet  j  and  it  is  much  to  be  wifhed  that  not  any  line  fo  divided  was 
how  in  ufe,  but  cuftom  in  mariy  things  prevails  over  reafon  :  This  way 
of  dividing  the  log-line  was  founded  on  the  fuppofition.  that  60  miles, 
each  of  5000  Engliih  feeti  made  a  degree  j  for  T|otri  °f  5°00  is  4if> 
or  in  round  numbers  42  feet.  Arid  altho'  many  mariners  find  by  ex- 
perience that  this  length  of  the  knot  is  too  fhort,  yet  rather  than  quit  the 
•Id  way,  they  ufe  glaffes  for  half  minute  ones  that  run  but  24  or  25 
feconds. 

The  method  ufually  recommended  to  try  if  the  glaffes  be  accurate,  is  : 
On  a  round  nail  or  peg,  hang  a  firing  that  has  a  mufket  ball  fixed  to  one 
end,  carefully  rneafuring  between  the  centre  of  the  ball  and  the  firing's 
loop  over  the  peg  39-j  irich'es  :  Then  fwing  it,  and  count  one  for  every 
time  it  paffes  under  the  pegj  and  the  number  of  fwings  made  during  the 
time  the  glafs  is  running  out,  fheWs  the  feconds  it  contains. 

For  experience  mews,  that  the  length  of  a  fecond  pendulum  is  about 
394  inches. 

The  diflance  given  by  the  log  may  be  wrong  on  three  accounts^ 
hamely,  by  there  being  an  error  either  in  the  glafs,  or  log,  of  in  both. 

1060.  Case  I.  When  the  log-line  is  truly  divided,  and  the  glafs  is  faulty/ 
Rule.  As  the  feconds  run  by  the  glafs,  is  to  30  feconds  : 

So  is  the  diflance  run  by  the  log,  to  the  true  diflance. 

Exam,  Suppofe  a  Jhip  fails  at  the  rate  of  6|  knots  while  a  glafs  runs  oufj 
which  is  but  25  feconds :  What  is  the  true  rate  of  failing  ? 
As  25  :  36  :  ;  6,5  :  7,8  miles;  the  true  diflance  failed  in  an  hour. 

1 06 1.  Case  II.  When  the  glafs  is  true,  and  the  log-line  is  faulty. 

Rule.  As  50  feet,  is  to  the  diflance  meafured  between  knot  and  knot ; 
So  is  the  diflance  run  by  the  log,  to  the  true  diflance. 

Exam.  Suppofe  a  Jhip  fails  at  the  rate  of  6±  knots  an  hour,  by  a  log-line 
Which  has  only  44  feet  to  a  knot :  What  is  the  true  rate  of  failing? 
As  50  :  44.  :  :  6,5  :  5,72  miles,  the  true  diflance  failed  in  an  hour; 

:    1062.  Case  III.  When  both  log-line  and  glafs  are  faulty* 

Rule.  Multiply  thrice  the  meafured  length  of  a  knot  by  the  diflance 
run  per  log;  the  produc~l  divided  by  five  times  the  meafured 
time  of  the  glafs,  will  give  the  true  diflance  run. 

Exam.  Suppofe  a  Jhip  runs  5  knots  an  hour,  by  a  log-line  of  '45  feet  tb  a 
\not,  and  a  glafs  of  25  feconds :  What  is  the  true  rate  of  failing  ? 

Then  3  X  45  X  5,  and  divided  by  5  x  25,  gives  5,4  miles  =  true  diffc. 

For  fuppofe  k  :=  meaf.  length  of  a  knot ;  g  =  feconds  per  glafs  ;  b 
±=  run  per  log. 

Then  G  :  30  : :  d  :  30  X  d  -f-  G  =  difl.  run  by  a  correal  glafs.     (1060) 

And  50  :  k  ::  3oXi>~g  :  3oxdxk~gx  50=3Xdxk-t5XG. 

(1061) 

Note,  The  mark  -£*  fignifies  divided  by.  ' 
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SECTION    II. 

Of  the  Mariner's  compafs. 

1063.  The  Mariner's  compass  ie  an  infrrument  ufed  at  fea  to  mew 
or  point  out  the  way  a  {hip  is  to  go ;  and  confifts  of  three  parts,  namel) 
the  box,  the  card  or  fly,  and  the  needle. 

The  Box,  which  contains  the  card  and  needle,  is  a  circular  brafs  bo 
hung  within  a  fquare  wooden  one,  by  two  concentric  rings,  fo  fixed  b 
crofs  centres  to  the  two  boxes,  that  the  inner  one,  or  compafs  box,  fha 
retain  an  horizontal  pofition  in  all  motions  of  the  fhip.  . 

The  Card  or  Fly  is  a  circle  of  ftiff  paper  reprefenting  the  horizon! 
and  is  divided  into  points  and  quarter  points  of  the  compafs. 

The  Needle  is  a  piece  of  fteel  made  magnetical ;  whereby  it  ha 
the  property  of  pointing  one  of  its  ends  towards  the  north  pole  of  thl- 
world. 

The  needle  is  fixed  to  the  underfide  of  the  card,  and  in  the  centre  i 
placed  a  conical  focket,  which  is  put  on  an  upright  pointed  pin  fixed  ii 
the  bottom  of  the  box  j  fo  that  the  card  hanging  on  the  pin,  turns  freel; 
round  its  centre  ;  one  of  the  points  being,  by  the  property  of  the  needle 
always  directed  towards  the  north  pole. 

The  top  of  the  box  is  covered  with  a  glafs  plane,  whereby  the  can 
in  its  motion  is  not  difturbed  by  the  wind.  And  this  apparatus  together 
is  called  the  Compafs. 

1064.  Before  the  invention  of  the  compafs,  which  is  between  300  ani 
400  years  ago,  the  navigating  of  fhips  was  a  very  tedious  and  precari 
ous  operation  :  But  the  compafs  enables  the  mariner  to  hold  his  courfr 
over  the  feas  in  as  direct  and  true  a  tract,  as  the  land  carrier  directs  hi 
carriage  in  a  well  beaten  road.  Hence  it  might  be  reafonably  imagined, 
that  no  neceflary  expence  or  care  fhould  ever  be  wanting  in  the  conduc- 
tion of  this  raoft  ufeful  inftrument :  But  it  has  fo  happened,  that  fcarce 
one  fea  compafs  in  ten  is  fit  for  the  ufe  for  which  it  is  made ;  and  rfii; 
has  arofe  from  their  being  fabricated  by  unfkilful  and  ignorant  workmen 
for  the  wholefale  dealers  in  the  fhipping  way ;  who  generally  pay  no 
more  regard  to  the  conftruction  of  this  inftrument,  whereon  the  fuc- 
cefs  of  the  voyage  and  the  lives  of  the  men  in  a  great  meafure  depend, 
than  they  do  to  any  indifferent  thing  of  the  fame  price. 

There  are  however  coropaiTes  ufed  in  the  Royal  Navy,  and  fome  few 
trading  mips,  which  are  conflicted  with  more  care,  and  on  better  prin- 
ciples ;  and.  are  therefore  vaftly  preferable  to  thofe  commonly  ufed  in 
the  merchant's  fervice,  which  from  their  compofition  feem  as  tho'  they 
had  been  contrived  purpofely  to  vary  from  what  was  to  be  expected  of 
them :  Such  as  joining  the  outfide  box  together  with  iron  nails ;  mak4 
ing  the  needle  of  foft  wire,  and  difpofing  it  in  the  form  of  a  rhombus, 
in  expectation  that  the  magnetical  forces  of  the  fides  would  confpire  to 
ad  in  the  diagonal :  Making  the  pin  and  focket  fo  badly,  as  to  prevent 
the  traverfing  of  the  card,  &c.  &c. 

But  it  mult  be  obferved,  that  it  is  only  within  a  very  few  years  that 
fea  compafles  have  been  made  free  from  the  multitude  of  inconveniences 
to  which  the  belt  conftru&ed  of  them  were  liable  before ;  Such  as,  firft, 

■-.-•  —  needles 
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needles  having  feveral  poles,  occasioned  by  their  irregular  fhape,  the  beftr 
kind  being  ftrait  bars  with  flat  ends.  2d.  The  needles  being  made  of 
fuch  a  temper  as  was  neither  fufceptible  of  receiving,  or  retaining  half 
;  the  virtue  it  was  poffible  to  give  them  ;  and  confequently  they  were  not 
with  due  ftrength  and  perfeverance  directed  towards  the  poles  of  the 
World.  3d.  The  want  of  proper  means  to  reftore  their  lofs  of  magnetifm 
while  on  a  voyage.  4th.  The  troublefome  and  inaccurate  methods  of 
rectifying  a  damaged  pin  on  which  the  card  turned,  together  with  the 
expence  attending  the  ufe  of  agate  caps  or  fockets,  than  which  none  are 
fo  proper.  5th.  The  want  of  proper  contrivances  to  hinder  the  card 
from  being  affected  by  the  various  motions  of  the  fhip.  Thefe,  and  fe- 
veral other  imperfections,  have  been  happily  removed  by  the  labours  of 
the  truly  celebrated  Dr.  Gowen  Knight,  F.  R.  S.  whofe  admirable  invenr 
tion  of  giving  magnetifm  to  fteel  bars,  greatly  fuperior  to  any  power 
they  could  derive  from  the  natural  loadftones,  joined  to  a  multitude  of 
experiments  which  he  has  made  for  the  marine  fervice,  have  produced 
the  means  of  conftructing  fea  compaffes  fo  perfect,  that  there  feems  no-^ 
thing  farther  to  be  wifhed  for  as  neceffary  to  this  inftrument.  It  may  be 
feafonably  expected  that  fuch  correct  compaffes  will  readily  come  into 
general  ufe,  as  there  have  been  feveral  trials  .made  of  them  both  in  men 
of  war  and  merchantmen  :  But,  like  feveral  other  ufeful  improvements, 
it  muft  wait  till  time  has  removed  old  prejudices. 

1065.  After  thedifcovery  of  that  moft  ufeful  property  of  the  magnet, 
namely,  the  giving  hardened  iron  and  fteel- a  polarity,  the  compafs  was 
>  for  many  years  ufed  without  knowing  that  its  direction  in  any  wife  devi- 
|  ated  from  the  poles  of  the  world  :  And  about  2o<3  years  ago,  fo  certain 
1  were  fome  of  its  inflexibly  pointing  to   the  north,  that  they  treated 
with  contempt  the  notion  of  the  variation,  which  about  that  time  began 
to  be  fufpected.     However,  careful  obfervations  foon  difcovered  that  in 
England,  and  its  neighbourhood,  the  needle  pointed  to  the  eaftward  of 
the  true  north  :  But  the  quantity  of  this  deviation  being  known,  ma- 
riners became  as  well  fatisfied  as  if  the  compafs  had  none  j  becaufe  they 
imagined  that  the  true  courfe  could  be  obtained  by  making  allowance  for 
the  true  variation. 

From  fuccelfive  obfervations  made  afterwards,  it  was  found  that  the 
deviation  of  the  needle  from  the  north  was  not  a  cdnftant  quantity ;  but 
,  that  it  gradually  diminifhed,  and  at  laft,  namely  about  the  year  1660,  it 
was  found  at  London  that  the  needle  pointed  due  north,  and  has  ever  fince 
been  getting  to  the  weftward,  and  now  the  variation  is  more  than  18 
degrees  to  the  weftward  of  the  north :  So  that  it  may  be  fufpe&ed  the 
variation  has  a  kind  of  libratory  motion,  traverfing  thro'  the  north  to 
unknown  limits  eaftward  and  weftward.  But  the  fettling  of  this  point 
muft  be  left  to  time. 

During  the  time  of  the  faid  obfervations  it  was  alfo  difcovered,  that  the 
variation  of  the  needle  was  different  in  different  parts  of  the  world,  it  be- 
ing weft  in  fome  places  when  it  was  eaft  in  others ;  and  in  places  where  the 
variation  was  of  the  fame  name,  yet  the  quantity  of  it  greatly  differed 
,■  It  was  therefore  found  neceflary  that  mariners  mould  every  day,  or  -as 
,  joften  as  they  had  opportunity,  make  proper  obfervations  for  an  am- 
plitude or  azimuth,  whereby  they  might  be  enabled  to  find  the  van- 
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ation  of  the  compafs  in  their  preferit  place,  and  thence  correct  their 
courfes. 

1066.  Befide  the  common  fea  compafs,  there  is  another  called  the  Azi- 
muth compass,  "whofe  ufe  is  to  take  the  bearing  of  any  celeftial  ob- 
ject, either  when  it  is  at,  or  aboye  the  horizon.  This  compafs  in  nq 
refpecl  differs  from  the  other,  only  the  circumference  of  the  card  or  box 
is  divided  into  degrees ;  and  there  is  fitted  to  the  box  an  index  with  two 
fights,  which  are  upright  pieces  of  brafs  placed  diametrically  oppofite, 
having  flits  down  their  middles,  thro'  which  the  fun  or  ftar  is  to  be  viewed 
at  the  time  of  obfervation. 

PROBLEM. 
To  make  an  obfervation  with  the  Azimuth  compafs, 

1067.  I.  For  an  Amplitude  % 

Move  the  box  about  till  the  four  cardinal  points  of  the  card  coincide  with 
the  four  lines  in  the  fides  of  the  compafs  box  j  keep  the  box  fteady,  and  turn 
the  index  till  the  fun  at  its  rifing  or  fetting  is  feen  thro'  both  the  fights : 
Then  the  degrees  intercepted  between  the  north  point  of  the  compafs 
and  that  end  of  the  index  pointing  to  the  fun,  will  be  the  magnetic  am- 
plitude fought. 

1068.  II.  For  an  Azimuth  f. 
Set  the  box  fo,  that  the  four  cardinal  points  of  the  card  ftand  oppofite ; 

to  the  four  lines  in  the  compafs  box  j  hold  the  box  in  this  pofition,  and 
move  the  index  till  (the  fights  being  djredted  to  the  fun)  the  fhadow  of 
the  firing  joining  the  fights  falls  directly  along  the  middle  line  of  the 
index  :  Then  the  degrees  in  the  arc,  intercepted  between  that  end  of  the 
index  next  the  fun  and  the  north  point  of  the  card,  will  give  the  mag- 
netic azimuth  required. 

If  the  fun  does  not  fhine  ftrong  enough  to  give  adiftinct  fhadow,  look 
thro'  one  of  the  fights,  and  move  the  index  till  the  ftring  cuts  the  fun's 
centre  ;  and  then  the  intercepted  arc,  as  before,  fhews  the  fun's  azimuth. 

What  is  here  faid  of  the  fun,  is  in  like  manner  to  be  applied  to  the  ftars,i 

1069.  When  there  is  a  rough  fea,  and  the  fhip  yaws  much,  the  ob-i 
fervation  is  beft  performed  by  two  perfons,  thus : 

Let  one  look  thro'  the  fights,  and  t,urn  them  till  the  thread  cuts  the  centre 
of  the  fun,  and  be  fure  to  keep  a  confbnt  fight  of  it  notwithftanding  the 
motion  of  the  fhip,  which  being  fignified  to  the  affiftant  by  any  word, 
let  him  that  inftant  obferve  what  degree  of  the  card  is  under  the  middle 
line  of  the  fights,  and  the  arc  intercepted  between  that  point  and  the 
meridian  will  fhew  the  quantity  of  the  magnetic  amplitude  or  azimuth. 
If  the  card  fhould  vibrate  very  much,  let  him  take  the  middle  degree  be? 
tween  the  limits  to  which  the  vibration  reaches. 

When  the  magnetic  azimuth  of  any  object  is  obferved,  its  altitude  nwfi 
alfo  be  taken  at  the  fame  time. 

This  inftrument  is  alfo  ufeful  in  fetting  the  fhip's  wake,  in  order  to  find 
the  leeway  j  and  alfo  to  find  the  bearings  of  headlands  and  other  obje&s. 


*  Amplitudes,  are  from  obfervations  made  on  objetts  when  in  the  horizon,. 
See  articles  939,  986  to  992. 

-f-  Azimuths,  are  from  obfervations  made  on  objefts  when  above  the  horizon 
See  articles  938,  993.  $ECTIQN 
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SECTION     III. 

IP70.  Tv  work  an  Amplitude. 

The  true  amplitude  of  a  celeftial  obje£t,  is  its  diftance  from  one  of 
the  cardinal  points  of  the  horizon,  at  the  rifing  or  fetting  of  that  obje#. 

The  amplitude  is  reckoned  eaftward  in  the  morning }  but  it  is  named 
iveftward  in  the  evening. 

The  cuftomary  way  of  accounting  the  amplitude  is,  in  the  morning 
:o  reckon  it  fo  much  to  the  fouthward  or  northward  of  the  eaft ;  and  in 
:he  evening  fo  much  to  the  fouthward  or  northward  of  the  weft  :  But  as 
searings  are  generally  taken  from  the  meridian,  therefore  in  the  follow- 
ng  pages  the  amplitudes  will  be  chiefly  eftimated  from  the  north  point 
)f  the  horizon. 

The  finding  of  the  true  amplitude  at  fea  is  of  considerable  importance 
n  navigation ;  for  the  true  courfes  the  fliip  has  fleered  is  partly  afcer- 
ained  thereby. 

071.  PROBLEM. 

j  Given  the  latitude  of  the  place,  and  the  declination  of  a  celejlial  objefi  S 
Required  the  true  amplitude  of  that  obje£f» 

Solution. 

1   Say :  As  the  co-fine  of  the  latitude, 

To  Radius ; 

So  fine  of  the  given  declination. 

To  the  fine  of  an  horizontal  arc. 
Which  arc  taken  from  90  degrees,  if  the  declination  is  north,  will  give 
fhe  fun's  true  amplitude  from  the  north  point  of  the  horizon  :  But  if  the 
leclination  is  fouth,  that  arc  added  to  90  degrees  gives  the  amplitude 
Tom  the  north. 

When  the  amplitude  is  reckoned  from  the  eaft  or  weft  points  of  the 
lorizon  ;  then  the  faid  horizontal  arc  is  the  true  amplitude,  and  is  to  Ke 
aken  to  the  northward  of  thofe  points,  when  the  declination  is  north  : 
But  to  the  fouthward,  when  the  declination  is  fouth. 

,1072.  Solution  by  the  Traverse  table. 

With  the  declination  among  the  courfes,  find  the  departure  to  the  di* 
tance  100. 

With  the  given  latitude  among  the  courfes,  and  faid  departure  in  co» 
umn  of  latitude,  find  the  diftance. 

!  In  a  column  of  departure,  find  the  faid  diftance  againft  100  in  the  co- 
lumn of  diftance,  and  the  degrees  in  the  correfponding  courfe  will  gi\ie 
i:he  horizontal  arc  fought, 

This  rule  will  always  give  the  degrees  as  truly  as  by  logarithms: 
And  as  the  magnetic  amplitude  can  be  obferved  to  degrees  only  by  tljc 
bompafs,  the  true  amplitude  will  be  had  Sufficiently  correct  by  this 
:iile, 
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Exam.  I.  What  is  the  fun's  true  amplitude  on  the  14th  day  of  Maj 
5753,  in  the  latitude  of  380  25'  N.  ? 

By  the  Traverfe  table. 

To  decl.  1 8°  45',   and  dift.  ioo,  th 

dep.  is  32. 
To  lat.  38*  2  5',  and  diff.  lat.  32,  th 

dift.  is  41 . 
To  dift.  100,  and  dep.  41,  the  courf 

is  240  1 5'.     Therefore  the  hori 

zontal  arc  is  240. 

I 

es,  the  neareft  deg.  and  min.  to  th* 


By  Logarithms. 
As  cof.  lat.  —  380  25'  0,10595 

To  Radius  —  r  10,00000 

So  fin.  decl.  =18   44    9,50673 

To  fin.  hor.  arc    z:  24   12    9,61268 

Subtraft  from 


90  00  for N.  dec. 

Leaves  true  amp.  ■=.  65   48  from  N. 
In  this  and  the  following  examp 


declin.  that  can  be  found  in  the  Traverfe  table,  is  taken  for  the  declin 

Exam- II.  Required  the  fun's  true  amplitude  in  the  lat,  of  510  32'  N. 
en  the  2$th  day  of  November ;  1753  ? 

By  Logarithms. 
As  cof.  lat.    .      =5i"l32/  0,20617 
To  Radius  =  r  10,00000 

So  fin.  decl.  =20  52^    9,55169 


To  fin.  hor.  arc    5=  34  56    9,75786 
Add  to  90   00  for  S.  decl. 


Gives  true  amp.  =  124  56  fr.  the  N. 


By  Traverfe  table. 

To  decl.  200  45',  and  dift.  100,  thi  I 

dep.  is  35.4. 
To  iat.  510  3D7,  and  diff.  lat.  35,4,  thi  ;; 

dift.  is  57. 
To  dift.  100,  and  dep.  57,  the  courf)   j 

is  340  4s7.     Therefore  350  maj   r 

be  taken  for  the  horizontal  an  1 

fought. 


Exam.  III.  On  the  20th  of  January,  1753,  what  was  the  fun's  amplitudi 
fit  the  Cape  of  Good  Hope,,  in  lat.  34°  15'  S. 


By  Logarithms. 
As  cof.  lat.  =  340  15'  0,08271 

To  Radius  =  r  10,00000 

So  fin.  decl.         =  20  01    9,53440 


To  fin.  hor.  arc  gg  24  28    9,61711 
Which  add  to  90  ooforS.decl. 


Gives  true  amp.  2=  1 14  28  fr.  the  N. 


By  Traverfe  table. 

To  decl.  200  oo',  and  dift.  100,  thr  ' 
dep.  is  34,3. 

To  lat.  340  15',  and  diff.  lat.  34,3  ' 
the  dift.  is  41,5. 

To  dift.  100,  and  dep.  41,5,  the  courfi  1 
is  240  37'.  Therefore  240  rnaj.  3 
be  taken  for  the  horizontal  arc  , 
fought.  ., 


Exam.  IV.  On  what  point  of  the  horizon  does  the  Jlar  Arelurus  rife  am 
fet  at  Buenos  Aires  in  lat.  340  35'  S.  ? 


By  logarithms. 
As  cof.  lat.  =  34035;  0,08444 

To  Radius  zz:  r  10,00000 

So  fin.  decl,         =  20  30   9,54432 

To  fin.  hor.  arc    sz  25  10   9,62876 

Which  add  to  90  00  for  S.  dec. 


Gives  :true  amp.  =  115  10  fr.  the  N. 


By  Traverfe  table. 

To  decl,  200  30',  and  dift.  100,  th« 
dep.  is  34,8. 

To  lat.  340  307,  and  diff.  lat.  34$ 
the  dift.  is  42. 

To  dift.  100,  and  dep.  42,  the  coufft 
is  259  oo'.  Therefore  the  hori- 
zontal arc  may  be  taken  as  25  de- 
grees. 

SECTION 
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SECTION     IV. 

1073.  To  work  an  Azimuth. 

The  true  azimuth  of  a  celeftial  obje£t,  is  its  bearing,  when  above 
Jie  horizon,  from  the  north  or  fouth  points  thereof. 
I    In  the  forenoon  the  azimuth  is  reckoned  eaftward,  and  in  the  after- 
toon  weft  ward,' 

The  azimuth  is  ufually  eftimated  from  the  fouth,  when  to  the  fouth- 
vard  of  the  eaft  or  weft  points  of  the  horizon ',  and  when  to  the  north- 
vard  of  thofe  points,  it  is  reckoned  from  the  north :  But  it  may  be  more 
:onvenient  to  account  it  always  from  the  north. 

The  ufe  of  the  azimuth  is  to  find  the  variation  of  the  compafs,  in 
Vder  to  correct  the  courfes  the  fhip  has  fleered. 

U74.  PROBLEM. 

!  The  latitude  of  the  place,  the  declination  of  the  objeely  and  its  altitude 
eing  known  :  Required  the  true  azimuth  of  that  objecl. 

Solution, 

When  the  latitude  and  declination  are  of  the  fame  name,  let  the  co-de- 
jlination  be  called  a. 

But  when  of  contrary  names,  add  the  declination  to  o.odeg.,  and  call 
ie  fum  a. 

Let  the  difference  between  the  co-lat.  and  co-alt.  be  called  d. 
[  Alfo,  find  the  half  fum  and  half  difference  of  a  and  d.  •' 

Then  write  down  thefe  four  logarithms  under  one  another.  \ 

Namely  :  The  arith.  comp.  of  the  log.  fine  of  the  co-latitude. 
The  arith.  comp.  of  the  log.  fine  of  the  co-altitude. 
The  logarithm  fine  of  the  forefaid  half  fum  of  a  and  D» 
The  .logarithm  fine  of  the  forefaid  half  diff.  of  a  and  p. 

Add  the  four  logarithms  together,  and  take  half  their  fum,  which  feek 
nong  the  fines  for  the  correfponding  degrees  and  minutes,  and  thefe 
png  doubled  will  give  the  true  azimuth  required. 

And  is  to  be  reckoned  from  the  north,  in  north  latitude. 
li  But  in  fouth  latitude,  take  thofe  degrees  from  180%  and  the  remainder 
ill  give  the  true  azimuth  from  the  north. 

The  working  of  an  azimuth  by  logarithms,  altho'  as  fhort  as  any 
imeral  folution  can  be  expected,  is  one  of  the  moft  tedious  elements 
<at  enter  into  a  day's  work  :  But  by  Gunter's  fcale  it  may  be  readily 
one,  fufficiently  correct. 

>75-  To  work  an  azimuth  by  the  Gunter's  fcale. 

Find  the  co-lat.,  co-alt.,  the  half  fum,  and  half  difference  as  above. 

Then,  On  the  fcale  of  log.  fines,  fet  one  point  of  the  compaffes  on  ! 

fe  half  fum,  extend  the  other  point  to  the  co-lat.,  obferving  whether 
h  fecond  point  falls  to  the  right  or  left  of  the  firft,  and  take  the  com- 
]ffes  off,  without  altering  their  extent.  j 

Set  one  point  on  the  co-alt.,  and  let  the  fecond  point  fall  where  it  will  [ 

(pe  fame  way  it  did  before),  there  fix  it,  and  open  the  compafTes  till  the 
tier  point  falls  on  the  half  difference,  then  take  them  off  without  ai- 
ling their  extent. 

Now 
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Now  fet  one  point  of  the  conipafles  on  the  brafs  pin  at  the  beginning 
Or  right  hand  end  of  the  fcale  of  verfed  fines  (marked  V.  S.),  tur 
the  other  point  to  the  left,  and  obferve  what  degrees  and  minutes  in  th 
Verfed  fines  it  falls  on  ;  thofe  degrees  and  minutes  will  be  the  azimuth 
if  the  latitude  is  fouth  :  But  if  north,  take  them  from  1 80%  and  the  re 
iilainder  is  the  azimuth  fought. 

If  the  firft  extent,  when  applied  from  the  co-alt.  to  a  fourth,-  fhoul 
reach  beyond  the  right  hand  end  of  the  fcale,  as  it  will  fometimes  happen 
then  hold  the  Gunter  flat  on  a  board,  and  thereon  let  the  over  point  refl 
arid  thence  take  the  extent  to  the  half  difFerence,  and  work  as  before. 

Thefe  directions,  with  thofe  at  articles  379  and  380,  will  remove  al, 
the  feerriing  difficulties  that  beginners  may  meet  with  in  working  an  azi| 
smith  by  the  Gunter's  fcale. 

Exam.  I.  Being  at  fea,  in  latitude  40°  28' N.9  in  the  afternoon  the  fun' 
eiltttude  was  obferved  to  be  20°  46',  when  his  declination  was  170  10' S. 
Required  ihe  fun's  irue  azimuth  at  that  time  P 

By  Logarithms. 


The  co-alt.  is  69°  14' 

The  co-lat.  is  49  22 

Thediff.  d=:  19  52 

Now  1 07°  10'  rzA=r90°&decl. 
And    19  52  —  d. 


3)" 


I27   02 


87  18 


63' 31'  —  §  fura. 


43   39  ==|diff- 


At.  co-log.  fin.  co-lat.  :r  49* 
Ar.  co-log.  fin.  co-alt.  ;=  69 
Log.  fin.  \  fum  —  63 
Log.  fin.  §  diff.  si  43 

The  fum  of  the  four  logs. 

Their  §  fum,  gives  68°  55' 


22' 
14 
3» 
39 


0,1198 
0,0291 

9>95*7 
9,8390 

19.9397 
9,9698 


The  double,   is       137    50,  which  is  the  fun 
true  azim.  from  the  N.  point  of  the  horizor 


By  Gunter's  fcale. 
On  the  fines,  the  extent  from  630  31/  to  49°  22',  will  reach  from  65 
14'  to  a  little  more  than  52s  :  Let  the  point  reft  there,  and  extend  th 
other  to  430  39'  j  this  extent  will  reach  from  the  beginning  of  the  verfe 
fines  to  about  420,  which  taken  from  1800  leaves  1380  for  the  azimuth 
and  is  very  near  what  was  found  by  the  logarithms. 

Exam.  II.  What  is  the  fun's  true  azimuth  in  the  latitude  of  260  30' #. 
when  his  altitude  in  the  forenoon  is  240  28',  and  his  decl.  is  22'  40'  N.  f 


The  co-alt.  is  65*  32' 
The  co-lat.  is  63   30 


The  diff. 


D  =     2    02 


By  Logarithms. 

*  Ar.  co-log.  fine  c6-Iat.  rd  63° 
Ar.  co-log.  fine  co  alt.  cs  6$ 
Log  fine  \  fum  =  34 
Log.  fine idiff*.  =  32 


Now  67°  20'=  A,  is  900  lefs 
And     2    02  r- p.,  [decl. 


69    22 


30' 

32 
4i 
3-9 


0,0482 
0,0408 

9>7S5' 
9,7320 


The  fum  of  the  four  logs. 
Their  I  fum',  gives  370  52' 


19,5762 


9,7881    1 

■ 
\  The  double,  is        75   44,  iSvhfch  is  the  ftinv 


34d'4l/=ifu^- 
65    1832-  3_p  35  I  diff.  {  true  aaiirt'.  fr&&  the  AOPth'pofatt  of  the  compaf 
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By  Gunter's  fcale* 
<Drt  the  log.  fines,  the  extent  from  340  41'  to  630  30',  will  reach  from 
65*  32'  to  fome  point  beyond  the  right  hand  end  of  the  fcale;  let  the 
point  reft  there,  and  extehd  the  other  point  to  the  fine  of  320  39',  and 
this  extent  will,  on  the  verfed  fines,  reach  from  the  beginning,  or  o  deg., 
to  1040  20',  whofe  fupplement  75°  40'  is  the  azimuth,  nearly,  as  found 
by  logarithms. 

ExAivi.  III.  At  the  If  and  of  St.  Helena,  inlat.  160  00'  5.,  the  fun's 
altitude  was  obferved  in  the  forenoon  to  be  300  22',  when  his  declination  wat 
22°  58'  S. :  What  was  the  fun's  azimuth  at  that  time  ? 


The  co-lat.  js  74"  00' 
The  co -alt.  is  5.9  38 


Thediff.  d  =  14   22 


Mow  6y° 
And    14 


02 
22 


/  — 


is  900  lefs 
[decl. 


81     24 


4o°4f,z±|fum. 


Ar.  co-log.  fine  co-lat.  —  740 
Ar.  co-log.  fine  cp  alt.  =3  59 
Log.finef-fum  rr  40 
Log.  fine ■£  diff.  =3  26 

The  fum  of  the  four  logs. 

Their  £  fum,  gives  360  12' 


00' 
38 

42 

20 


0,01716 
0,06409 
9,81431 

9,64698 

i  9>54254 
9,77127' 


2) ■  Which  doubled,  is  72   24,  for  the  fun's  true* 

52    40  26  20  ~  f  diff.        azim.  from  thefouth,  or  107°  36' from  nor:h. 

Or  thus:  The  extent  from  40*  42'  to  74°oo'  on  the  fines,  will  reach 

rom  the  fine  of  590  38'  to  a  point  beyond  the  limits  of  the  fcale ;  then 

he  extent  froni  that  point  to  the  fine  of  260  20'  will,  on  the  verfed  fines,- 

ich  from  0  deg.  to  about  1070  40%  the  azimuth  from  the  north. 

Exam.  IV.  On  what  point  of  the  horizon,  at  the  Cape  of  Good  Hope^ 
•es  the  Jldr  Aldeharan  hear,  when  its  altitude  is  22*  25'  ? 


^he  co-alt.  is  67°  35' 
"he  co-lat.  is  {§  4$ 

"he  diff.  d  zz  i  1  50 

to'W  105*59'  r=A,is90°&decl. 
;nd     j 1   50  zz  d. 


2). 


117   49 


;86  54'  =  I  fum. 


55" 
67 


Ar.  eo-lpg.  fin.. co-lat.  2r 

Ar.  co-log  fin.  co-alt.  3 

Log.  fin.  \  fum  =58 

Log.  fin.  £  diff.  ss  47 

The  fum  of  the  four  logs. 

Their  |  fum,  gives  64*  57' 


45' 
35 
54 
°5 


0,08271 

0,03412 

9,93261 

9,86472 

■■' '  '         1 

19,91416. 

9,95708 


Which  doubled,  is  1 29    54,  for  the  fun's  true 
94  0947,  05  3-fdiff.       a2im.  from  the  fouth,  or  500  06'  from  the  N. 

Or  thus  :  The  extent  from  about  590  to  about  6740  on  the  fines  reaches 
om  about  55|°  to  about  630  :  Then  the  extent  from  about  63°to  about 
.7%  reaches  from  the  beginning  of  the  verfed  fines  to  about  50*  for  the 
simuth  fought. 

!  Thefe  examples  fufficiently  mew,  that  an  azimuth  may  be  worked  by 
le  Gunter's  fcale,  not  only  with  great  readinefs,  but  alfo  as  accurately 
i  the  magnetic  azimuth  can  be  taken  by  the  cornpafs. 

The  manner  of  working  amplitudes  and  azimuths"  have  been  pretty5 
rgely  infilled  on,  in  order,  to  render  them  familiar  to  mariners  j  who,  for 
ve  generality,  efleem  thefe  operations  as  very  troublefome  ;  and  it  is  ort 
"is  account  that  many  writers  have  contrived  various  tables  to  remove  the 
'>mplained  of  trouble :  But  from  a  due  confideration  of  what  is  here  done,- 
.  is  apprehended  fuch  tables  will  not  hereafter  be  fo  much  wanted. 

Uutt  SECTION 
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SECTION    V. 

1076.  Of  the  Variation  of  the  Compafs* 

The  magnetic  poles,  are  thofe  points  of  the  world,  towards  which  th< 
north  and  fouth  ends  of  the  needle  in  the  fea  compafs  are  directed. 

ft$ag'netical  meridians,  are  imaginary  lines  pafiing  thro' the  magnetic 
pLples. 

The  variation  of  the  compafs,  is  the  difference  between  the  bearing 
the  true  and  magnetic  north  poles  j  and  is  meafured  by  an  arc  of  the 
rizon  contained  between  the  true  and  magnetic  points  thereof. 

;  The  variation  is  named  eajl,  when  the  magnetic  north  point  is  to  t 
eaftward  of  the  true  north :  But  when  to  the  weftward,  it  is  named  weft 
variation. 

The  magnetic  amplitude  of  a  celeftial  object,  is  its  bearing  by  the 
compafs  when  in  the  horizon. 

The  magnetic  azimuth  of  a  celeftial  objecT:,  is  its  bearing  by  th< 
compafs  when  above  the  horizon. 

The  variation  is  found  by  comparing  together  the  true  and  magnetic 
amplitudes  or  azimuths  of  celeftial  objects. 

The  ufe  of  the  variation  is  to  correct  the  courfes  a  fhip  has  fleered 
by  the  compafs. 

1077.  PROBLEM. 

Given  the  true  and  magnetic,  amplitudes,  or  azimuths,  of  a  celejlial  ohjetl  \ 
.  Required  the  variation  of  the  compafs. 

Solution. 

Let  the  true  and  magnetic  amplitudes,  or  azimuths,  be  reckoned 
from  the  north;  and  named  eaft  when  the  obfervation  is  made  in  th< 
forenoon  ;  but  when  made  in  the  afternoon,  let  it  be'  named  weft. 

Then- the  difference  between  the  true  and  magnetic  amplitudes,  ok 
azimuths,  is  the  variation  of  the  compafs. 

And  is  of  the  fame  name  as  the  true  amplitude,  or  azimuth,  if  th«i 
true  is  ^greater  than  the  magnetic;  But  when  the  true  is  lefs  than  th( 
magnetic,  the  variation  is  of  a  contrary  name  to  the  true  amplitude,  oj 
azimuth. 

Fpr,  let  N  reprefent  the  true  north  point  of  the  horizon,  and  the  an 
uwo  the  true  amplitude  or  azimuth  :  Now  it  is  evident,  that  if  the  an 
ow'h,  reprefenting  the  magnetic  amplitude  or  azimuth,  be  lefs  tnar 
own  ;  then  the  magnetic  north  point,  of  the  compafs  will  fall  on  the  fam» 
fide  the  true  north,  that  the  amplitude  or  azimuth  is  on:  But  wher 
"  greater,  n  falls  on  the  contrary  fide.    Plate  XI.  Fig.  8, 
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Exam.  I.  The  fun  was  obferved 
to  rife  70°  from  the  north  by  the  fea 
compafs,  when  his  true  amplitude  was 
N.  8 1°  45'  E. :  JVhat  was  the  vari- 
ationy  and  which  way  ? 

True  amplitude        —  81*45' E. 

Magnetic  amplitude  —  70    00 


The  variation 


3  11 


45 


Exam.  III.  Suppofe  the  fun's  true 
azimuth  to  be  N.  840  40'  JV.y  when 
by  the  compafs  his  bearing  was  W.  b. 
S. :  Required  the  quantity  and  qua- 
lity of  the  variation  ? 

True  azimuth  r:     840  40'  W. 

Mag.  azimuth  — :   161    15  —  9pts. 

The  variation  ~     16    35  E. 


Exam.  II.  The  fun  was  obferved 
by  the  compafs  to  fetWSW.  when  his 
true  amplitude  was  N.  1 26°  1 f  W. : 
Required  the  variation  of  the  compafs  % 
and  which  way  ? 

True  amplitude  rr   I26°i7/W. 

Mag.  amplitude  —   112   30— iopts. 

The  variation     ~     13  47  W. 

Exam.  IV.  When  the  fun was  ob- 
ferved to  bear  ESE.,  his  true  azimuth 
was  found  to  be  N.  88°  46'  E. :  What 
was  the  quantity  and  name  of  the  va~ 
riationf 

True  azimuth         =     88°46;E. 

Magnetic   azim.      =:  112  30 


The  variation 


~     23  44  W. 


The  manner  of  finding  the  variation  Being  known,  the  courfes  may 
be  corrected  by  the  following  rules. 

1078.  PROBLEM. 

Given  the  courfe  fet,  and  the  variation  of  the  compafs  .' 
Required  the  true  courfe  the  Jhip  fleers. 

Solution. 
!    If  the  variation  is  weft,  call  the  NW.  quarter  the  ift,  the  SW.  the  2d-, 
the  SE.  the  3d,  and  the  NE.  the  4th:  But  if  the  variation  be  eafr,  call 
:he  NE.  quarter  the  ift,  the  SE.  the  2d,  the  SW.  the  3d,  and  thcNW. 
:he  4th. 

Then,  if  the  courfe  fet  be  in  the  firft  or  third  quarters,  add  the  varia- 
tion to  the  points  or  degrees  in  the  given  courfe :  But  if  in  the  fecbnd 
i  or  fourth  quarters,  fubtract ;  and  the  fum  in  the  former,  or  difference  in 
he  latter  cafe,  will  be  the  courfe  corrected  by  the  variation  *. 
Exam.  I.  Suppofe  the  variation  is  14  point  W.',  to  correcl  thefe  courfes% 
i  NNW. ;  SW.  i  W. ;  SE.  b.  S.  $  E. ;  ENE.  I  E.  ? 


?ourfes    fet 
/ariation 


NNW. 
Add 


2    pts. 
ifpts. 


SW.iW.4fpts 
Subtr.    \\ 


SE.b.  S.|E-3fpts 
Add      H 


ENE.fE.  6J 
Subtract  f$ 


Cor.  cou.NW.b.N.f  W.3|  pts  SW.b.S.  3         SE.b.E.|E.  5|       }NE.  £  E.  4I 

Exam.  II.  The  variation  is  180  E. ;  to  correfi  the  following  courfes  f 

!ourfes  fet  NE.b.N.  =  33D45'      s;b.E.  =  n°i5'  I  SW.b.W.  =  56015'       N W.  c=  45°oo' 
Variation       Add            38  00          Subt.       18  00 


N. 


51  45E. 


S. 


645W 


Add 
S. 


18  00 


Subt.      18  00 


74  15W  J      N.     27  00W 


:  *'  For  where  the  compafs  has  a  variation,  the  courfe  fet  is  not  fo  far  removed 
rom  the  true  north  as  it  mould  be,  by  the  quantity  of  the  variation  :  But- the 
[uamity  of  the  variation  being  added  in  the  ift 'and- 3d  quadrants,  and  fubtra£ted> 
n  the  2d  and'4th,  puts  the  courfe  fo  much  farther  from  the  true  north,  counting 
rom  thence,  the  fame  way  with  the  variation,  round  the  compafs. 

Uuu  SECTION 
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1079.  Of  finding  the  Ship's  drift-,  or  leeway* 

When  a  fhip  turns  to  windward,  or  is  clofe  haulecj  on  a  wind,  fh 
generally  runs  to  the  leeward  of  her  intended  courfe. 

Leeway  is  the  angle  which  the  {hip's  real  courfe  makes  with  her  in 
tended  courfe,  occafioned  by  contrary  wjnds  and  a  rough  fea. 

The  leeway  made  by  different  fhips,  under  the  fame  circumfrances  0 
wind  and  fails,  will  be  different ;  and  even  the  fame  fhip,  with  differen 
lading,  and  having  more  or  lefs  fail  abroad,  will  make  more  or  left  leeway 
However,  the  following  precepts  for  allowing  for  the  leeway  have  t 
generally  given  by  mofi  writers  on  this  fubjeft  within  the  laft  50  yea: 
they  were  given  by  Mr.  John  Buckler  to  Mr.  William  Jones,  who  fk 
|>ublifhed  them  about  the  year  1702. 

1080.  Allowances  for  Leeway. 

I.  When  a  fhip  is'clofe  hauled,  has  all  her  fails  fet,  the  water  fmooth,  anc 
a  moderate  gale  of  wind,  {he  is  then  fuppofed  to  make  little  or  no  leeway, 

II.  Allow  one  point,when  it  blows  fo  frefh  that  the  fma]l  fails  are  taken  in. 

III.  Allow  two  points,  when  the  top-fails  muft  be  clofe  reeft. 

IV.  Allow  two  and  a  half  points,  when  one  top-fail  muft  be  handed, 

V.  Allow  three  and  a  half  points,  when  both  top-fails  are  to  be  taken  it*, 

VI.  Allow  four  points,  when  the  fore  courfe  is  handed. 

VII.  Allow  five  points,  when  trying  under  the  main-fail  only. 

VIII.  Allow  fix  points,  when  both  main  and  fore  courfes  are  taken  in.  j 

IX.  Allow  feven  points,  when  the  fhip  tries  a  hull,  or  all  fails  handed. 
When  the  wind  has  blown  hard  in  either  quarter,  and  fhifts  acrofs 

|he  meridian  into  the  next  quarter,  the  leeway  will  be  leffened. 

.  But  in  all  thefe  cafes,  rcfpe^r.  muft  be  had  to  the  roughnefs  of  the  fea, 
with  the  trim  of  the  fhip  j  arjd  hence  the  mariner  will  be  atye  to  correct 
his  courfe. 

J081.  PROBLEM. 

-Given  the  place  of  the  wind,  the  courfe  fet,  and  the  leeway  l 

Required  the  true  courfe  the  J})ip  makes. 

Rule.  Count  the  neareft.  way1  of  the  compafs  from  the  wind  to  tb^ 

courfe  fet,  and  as  much  beyond  as  is  the  leeway,  and  it  gives.' 

the  point  for  the  true  courfe. 


Exam.  I.  The  wind  NW.  b.  N., 
the  courfe  fet  N£.  b.  A7".,  leeway  I 
point :  What  is  the  courfe  made  good? 

The  wind  NW.  b.  N. 

Courfe  fet  NE.  b.  N.  —   3  points. 

Add  the  leeway  —   1  point. 

True  cqarfe  NE.  —  4  points. 

Here,  counting  the  neareft  way  in 
the  compafs  from  NW.  b.  N.  to  NE, 
t>  N.,  the  leeway  going  beyond  it  to- 
wards the  eaft  muft  be  added  to  drive 
it  10  much  farther  frpjn,  the  win^l. 


Exam.  II.  The  wind SE.  b.  o\,  a 
Jbip  is  clofe  hauled  with  her  JlarboarA 
tacks  aboard,  and  both  top-fails  hand- 
ed :  What  is  her  true  courfe  ? 

The  wind  SE.  b.  S. 

Courfe  fet  E-  b.  N,.    =:  7     points. 

Subtract  leeway  i=.   l\  points. 

True coti.  NE.b  N.f  E.zr  "i\  points. 

The  (hip  being  clofe  hauled,  is  fup- 
pofed 6  pts.  from  the  wind,  and  muft  be 
in  the  N  E.  quarter,  being  on  the  ftarh* 
tacks  :  Then  counting  6  pts.  from  SE. 
b.  S.,  gives  E.  b.  N.  7  points  j  from 
which  the  leeway  is  to  be  taken. 

SECTION 
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SECTION    VII. 

Of  Inflruments  for  taking  of  Altitudes. 

The  altitude  of  the  fun,  or  any  other  celeftial  obje£t,  may  be  taken 
by  inflruments  contrived  after  various  ways ;  thofe  only,  belt  adapted 
for  ufe  at  fea,  will  be  here  confidered. 

1082.  Thedtfcriptionandufe  of  Davis's  quadrant.    Plate  XI.  Fig.  9. 

The  inftrument  moft  in  ufe  at  fea,  by"  us  called  Davis's  *  qua* 
drant>  and  by  foreigners  the  English  quadrant,  confifts  of  two 
arches  (making  together  ninety  degrees,  and  therefore  called  a  qua- 
drant), fixed  and  braced,  the  one  above,  the  other  below  a  ftrait  bar* 
whofe  length  is  equal  to  the  radius  of  the  lower  arch,  and  is  about  thrice 
the  length  of  the  radius  of  the  upper  arch* 

The  upper,  or,  as  it  is  commonly  called,  the  greater  arch,  ufu- 
ally  contains  65  degrees,  not  fubdivided  into  fmaller  parts ;  and  the 
lesser  arch  contains  25  degrees,  which  on  account  of  their  larger 
fize  are  fubdivided  into  fmaller  parts,  fuch  as  \  or  -|  parts  of  degrees; 
and  thefe  by  the  help  of  diagonal  divifions,  and  1  o  concentric  circles, 
jre  ufually  fubdivided  fo,  as  to  (hew  every  one  or  two  minutes. 

There  are  three  pieces  called  vanes,  fo  fitted  to  the  inftrument  as  to 
(land  at  right  angles  to  its  plane. 

;  Fir/?,  The  Horizon  vane  is  fitted  to  flip  on  the  end  of  the  bar 
ar  radius,  clofe  to  the  centre  of  the  two  arches  :  In  this  vane  there  is  a 
long  flit,  thro'  which  is  to  be  feen  the  horizon,  that  is  the  line  where 
:he  fky  and  water  apparently  meet. 

j    Secondly,  The  Sight  vane,  which  is  fo  fitted  as  to  Aide  along  the 
efler,  or  25  arch,  having  a  fharp  edge  to  cut  the  divifion  it  ftands  at; 
md  in  a  line  with  this  edge  is  a  fmall  hole,  thro'  which  the  horizon  is 
:  to  be  feen  thro'  the  flit  in  the  horizon  vane. 

'•  Thirdly-,  The  Shade  vane,  which  is  fitted  to  Aide  on  the  greater, 
>r  65  arch  :  The  upper  line  of  the  fhade  caft  by  this  vane  is  to  fall  on 
he  edge  of  the  flit  in  the  horizon  vane  during  the  time  of  obfervation. 

Inftead  of  the  fhade  vane  there  is  generally  ufed  one  called  the  Glass 

(TANE,  it  having  a  convex  lens  (or  as  ufually  called  a  burning  glafs)  fitted 

o  it,  which  collects  the  fun's  rays  into  a  bright  fpot  on  the  horizon 

ane. 

a b,  is  the  bar  or  radius,     bc,  the  lefler  or  25  arch,     de,  the  greater 

'  !>r   65  arch,     ah*  eg,  hi,  are  braces  which  fix  the  arches  to  the  ra- 

itius.     G  the  horizon  vane,     h  the  fight  vane,     f  the  fhade  or  glafs 

ane.    ,Gfa  a  ray  of  the  fun.     4.dac  a  right  angle,  or  900. 

*  The  inftrument  now  called  Davis's  quadrant,  is  fomewhat  different  from 
hat  mentioned  by  Capt.  John  Davis  in  Jus  treatife  called  the  Seaman's  fecrets, 
1  i'ublifhed  in  the  year  1594. 
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1083.  To  ebferve  the  fun's  akkude  or  %enlth  ^ijfance  by  Davis's  quadrant 

Firfl.  Put  on  the  horizon  vane  clofe  to  the  fhbulder  or  notch  at  a 
in  the  bar  ab  :  Set  the  fhade  or  glafs  vane  on  the  arch  de  to  an  evei 
degree,  about  10  or  15  degrees  lefs  than  what  the  zenith  diftance  ma] 
be  then  guefled  at ;  and  put  the  fight  vane  H  about  the  rniddle  of  the  arcl 
bc  ;  obferving  that  the  (hade  and  fight  vanes  be  thruft  cl6fe  to  the  back 
of  the  arches. 

Secondly.  Turn  your  back  to  the  fun,  hold  the  plane  of  the  inftrumen 
in  an  upright  pofition,  look  thro'  the  hole  in  the  fight  vane,  and  raifd 
or  lower  the  quadrant  until  the  bright  fpot,  caft  by  the  fun  thro'  the  glafl 
vane,  falls  on  the  ©  in  the  line  drawn  thro'  the  flit  in  the  horizon  vane  , 
then  if  the  horizon  is  feen  thro'  the  flit  in  the  horizon  vane,  even  with  thi 
^,  the  quadrant  will  give  the  fun's  altitude  Or  zenith  diftance  at  that  tirrle' 

Thirdly.  But  if  the  flcy  appears  thro'  the  flit  iriftead  of  the  horizon' 
fltde  the  fight  vane  H  higher,  till  the  horizon  coincides  with  ©  ;  and  \ 
the  fea  appears  inftead  of  the  horizon,  Aide  the  fight  vane  h  lower  til  , 
the  fpot  and  horizon  come  together,  and  the  obfervation.  at  that  time'  I 
made.  , 

Fourthly*  To  the  degrees  between  D  and  r  a<M  thofe  between  c  itH  , 
R^  their  fttm  gives  the  zenith  diftance :  But  the  degress  between  b  and  i  t 
added  to  thofe  between  f  and  e,  fhews  the  altitude.     Plate  XI.  Fig.  g. 

For  the  line  tha  is  horizontal  j  therefore  the  are /bh  give's' the  heigh 
of  the  fun  afcove  the  horizon  :  But^BH  ^  PS  -f'  #**• 

Alfoj  The  arc  <f/e  is-  90*,  and  zen.  dift.  ±3  corrtp.  of  altitude. 

Therefore  the  arc  df-\-  arc  hc,  are  together  the  comp.  of  arc/rf. 

But  df-=z  vst\  therefore  df  -f-  hc  ±5  zenith  diftance. 

10%.  Now  to  find  the  latitude,  the  meridian  altitude,  or  zenith  d*  j 
flknce  of  the  fun  jfe-  wanted :  Therefore  begin  fome  time  before  nootf  j 
and  having  taken  an  obfervation  as  before  directed,  wait  a*  minuted  j 
two  and' obferve  again  ;  r*nd  if  the  fea  appears  thfo' the  horizon  vane,  th<!  ] 
fun  lias- got  higher,  therefore  flJde  the  fight  vane  lower  till  the  folar  (£&>  1 
and  horizon  coincide  ;  and  thus  continue,  until  the  iky  appearing  infteat  \ 
of  the  fea,  fhews  the  fun  has  paft  the  meridian;  therefore  let  the  Vann 
f^and  as  at  the  laft  alteration,  and  add  the  degrees  in  the  greater  are  tc 
ths  degrees-  and  minutes  in  the  leffer,  their  fum  gives  the-  meridional  - 
zenith  diftance. 

If  inftead  of  the  bright  folar  fpot,  the  uppef  border  of  the  fhade*  is  mad< 
to  cut  the  horizon  line,  at  the-  time  the  horizon  is  abreaft'  that  lime*  [ 
*hen  the  fum'  of  the  arcs  gives  the  ztenith1  diftance  of  the  fun's  uppe  ~ 
edge  or  limb,  to  which  add  16  mfnutes,  and  the  fum  is  the  diftance1  d  , 
the  fun's  centre  from  the  zenith' whenJ  he  is  upon  the  meridian.  *'Bu  ■ 
m  moft  quadrants  there  are  on  the  back  of  the  greater  arch  a  fi&le  of  d$  , 
grees,  where  the  fun's  fermdiametei'  is  allowed1  fdr: 

*  For  in  PI.  XL  Fig,  1  o.  if  a  b  reprefents  t>te  fun  whofe  centre  is  c,  and  its  rays  pafi 
over,  the  top  af  an.  upright  wall  de  :  Then  it  is  evident  the  ray  c  c  only,  gives  the  \ 
true  alt.  hc,  or  zenith,  diftance  zc  :  Alfo,  that  the  fun  muft  defcend  for'the  ra)    ) 
a  ■'/  to  come  to  c  c,  and  afcend  for  the  ray  b  b  to-  come  to  c  c :  Therefore  th< 
f-iuj  fetnidiameter  muft  bs  added  in  zen.diftances,  and  fubttafted  in  altitudes. 
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1085.  One  great  objection  againft  this  inftrument*  kttte  trouble  and 
ime  loft  in  Aiding  the  fight  vane  up  or  down,  which  cannot  be  cort- 
'eniently  done  without  taking  the  quadrant  from  She  eye,  whereby  an 
>pportunity  is  fometinaes  loft  of  making  the  obfervation :  But  this  defect 
s  eafily  removed  by  having  a  long  index  or  ruler  fitted  to  the  quadrant ; 
;>ne  end  moving  round  the  centre  to  which  the  horizon  vane  is  fixed, 

nd  having  the  fight  vane  fixed  to  the  other  end.  By  Shis  contrivance 
he  fight  vane  may  be  readily  raifed  higher,  or  lowered^  by  the  motion 
if  the  index  about  its  centre,  which  may  be  done  without  taking  the 
aftrument  from  the  eye. 

1086.  There  is  another  inftrument  called  a  Fore  staff,  or  Cross 
'"taff,  that  has  been  a  long  time  in  ufe  for  taking  the  altitudes  of  ce- 
jftial. objects,  particularly  the  ftars.  With  this  inftmment,  the  obferver 
iolds  one  end  of  the  ftaffv  which  is  a  three  feet  rod,  clofe  to  one  fide 
w  his  eye,  and  Aides  a  tranfum  or  crofs  piece,  which  is  in  an  upright 
;  ofition,  along  the  ftaft"  till  one  end  of  the  crofs  cuts  the  ftar,  and-  the 
ither  end  at  the  fame  time  cuts  the  horizon ;  then  the  divifion  of  the 
lafT,  which  the  crofs  ftands  againft,  gives-  the  altitude. 

I  But  the  great  trouble  in  the  ufe. of  this  inftrument,  joined  to  other 
iconveniencies  attending  it,  make  it  now  of  little  note,  efpecially  fince 
m  ufe  of  a  lately  invented  inftrument  is  become  more  general ;  which 
*r,  furpafles  all  others,  for  trie  taking  of  altitudes:  or  zenith  diftances  of 
?eleftial  objects  at  fea,  not  only  for  the  accuracy  with  which  it  fhews  the 
Ititudej  but  alfofor  the  readinefs  and  eafe  with  which. they  are'tatoen; 
vhofe  defcription  andufeherei  follows-.. 

I087.  ThedefcripthnandufeofWABLEY^q^ABKAVir.  PI.  XI.  Fig.  1 1. 
This,  inftrument  confifts  of  the  following  particulars. 

I.  An  octant,  or  -£  part  of  a  circle,  abc. 

II.  Trie  index  d. 

III.  The  fpeculum  e. 

!  IV.  Two  horizon  glafies,  F  and  g. 
i'  V.  Two  fcreens,  k,  k. 
'{  VI.  Two  fight  vanes,,-H',„i.. 

I.  Of  the  0.8'ann 
The  octant  confifts  of  the  two  radius's  or  limbs  ab,  ac;  the  ardh 
fc-j  ahp  of  the  two  braces  l,  m,  which  are  to  ftrengthen  and  prevent 
t  from  warping*,  The  arch  contains  only  the  eighth  part  of  the  circum* 
iference  of  a  circle,  or  45  degrees,  but.  is  divided  into  90  primary  divi- 
sions, each  of  which  ftands  for  degrees,  and  are  numbered  o,  10,  20, 
;o,  &c.  to  90,  beginning  at  each  end  of  the  arch  for  the  convenience 
f»f  numbering  both  ways,  either  for  altitudes  or  zenith  diftances.  Every 
tegree  is  fubdivided  into  one  or.  two  minutes, -either  by  the  method  of 
iiagpnals,  or  by  (another  which  is  much  better,  and  called  the)  Ver- 
'/Vr's  divifion,  or  fcale. 


IL  Of  the.  Index, 
The  index  d  is  a  flat  rod,  or  bar,  moveable  round  the  centre  of  the 
inftrument  ;  that  part  of  the  index  which  Aides  over  the  graduateu  arch 
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Be,  has  either  a  (harp  edge  to  cut  the  diagonal  divifiorisj  or  has  Vei  J 
nier's  fcale  on  it. 

From  the  bottom  of  the  index  turns  up  a  piece  of  brafs  with  a  fcrev  • 
in  it,  ferving  to  fatten  the  index  againft  any  divifion* 

III.  Of  the  Speculum. 

This  is  a  piece  of  flat  glafs,  quickfilvered  on  one  fide  (like  commoi 
looking  glafs),  and  fet  in  a  brafs  box  perpendicular  to  the  plane  of  th  ;i 
inftrument,  againft  whofe  centre  ftands  the  middle  of  the  glafs,  its  fur,  !j 
face  coinciding  with  the  middle  line  of  the  index.     Now  as  the  inde* 
Aides  along  the  arch,  the  pofition  of  the  fpeculum  is  altered,  it  beinj  :? 
fixed  to  the  index. 

The  ufe  of  the  fpeculum,  is  to  receive  the  rays  from  the  object  ob  ] 
ferved,  and  reflecl:  them  on  the  horizon  glafles. 

IV.  Of  the  Horizon  glaffes.  .   ,  \t 

Thefe  are  fmall  pieces  of  looking  glafs  placed  on  one  of  the  limbs  will*  h 
their  faces  turned  obliquely  to  the  fpeculum,  from  whence  they  receiv* 
the  reflexed  rays  of  obferved  objecls. 

The  glafs  f  has  only  its  lower  part  quickfilvered,  and  fet  in  brafs  work:  n 
the  upper  part  being  left  tranfparent  to  fee  the  horizon  thro*  it.  «  n 

In  the  middle  of  the  glafs  g  is  a  tranfparent  flit,  thro'  which  the  hori  End 
zon  is  to  be  feen. 

Both  of  thefe  glafles  are  fo  mounted  as  to  have  their  pofitions  varied  i« 
fhould  the  wood  work  of  the  inftrument  be  warped. 

V.  Of  the  Screens.  i£ 

Thefe  are  two  pieces  of  coloured  glafs  fet  in  frames,  and  are  to  pre  the 
vent  the  ftrength  of  the  fun's  rays  from  hurting  the  eye  during  the  tim<  col 
of  obfervation  :  When  they  are  ufed  with  the  glafs  F,  they  are  to  bliL 
where  the  figure  {hews  them  ;  but  when  ufed  with  the  glafs  G,  they  aniiy 
to  be  fet  at  the  hole  r  above  g. 


VI.  Of  th  Sight  Varies. 

That  at  H  is  ufed  with  the  glafs  G  in  back  obfervations :  And  the  fighti 
vane  i,  which  has  two  holes,  is  ufed  with  the  glafs  f  in  fore  obferva- 
tions. 

For  with  this  inftrument  an  obfervation  may  be  made  with  the  face 
either  turned  from  the  object,  and  called  a  back  obfervation ;  or  With  th« 
face  turned  towards  the  obje£t,  and  called  a  fore  obfervation'. 

1088.  To  take  the  fun's  altitude  with  Hadlefs  quadrant. 

Put  the  ftem  of  the  fcreens  k,  k,  into  the  hole  r,  and  according  tfl 
the  faintnefs  or  ftrength  of  the  fun's  rays,  let  neither,  or  either,  or  both, 
of  the  frames  of  thefe  glafles  be  turned  clofe  to  the  face  of  the  limb  jj 
turn  your  back  to  the  fun  ;  with  your  left  hand  hold  the  inftrument  by, 
the  braces  l,  m,  fo  that  it  be  in  a  vertical  pofition,  and  the  arch  down- 
Ward  j  put  the  eye  clofe  to  the  hole  in  the  vane  h  j  look  for  the  horizort 

thrtf 


DAYS    WORK  &  -|t| 

:hro'  the  franfparent  flit  in  the  horizon  glafs  g  j  with  the  right  hand 
•nove  the  index  d  until  the  reflected  image  of  the  fun  is  feen  in  the  quicks- 
ilvered part  of  the  glafs  g,  and  in  a  line  with  the  horizon  ;  fwing  your 
iody  to  and  fro,  and  if  the  fun's  image  be  obferved  to  bfttfh  the  hori- 
zon, then  is  the  obfervation  well  made,  and  the  degrees,  reckoned  from 
hat  end  of  the  arch  faftheft  from  your  body,  will  give  the  fun's  altitude 
sit  that  time  j  fubtfadting  1 6  minutes  if  the  fun's  lower  edge  be  ufed  ; 
find  adding  16  minutes  to  the  altitude  when  it  is  taken  by  the  upper 
dge :  But  if  taken  by  the  centre,  there  is"  rio  need  of  this  correction. 

#089.  To  take  the  altitude  of  a  Jlar  by  Hadley's  quadrant. 

Thro'  the  vane  H?  arid  the  rianfpareht  flit  in  the  glafs  g,  look  dl- 

[Jec-tly  at  the  ftar;  at  the  fame  time  move  the  index  till  the  image  of  the 

lorizon  behind  you,  being  reflected  by  the  great  fpeculum,  is  ken  in 

he  quickftlvered  part  of  g,^  and  meets  the  ftar;  and  the  index  will  then 

.thew  the  degrees  of  altitude. 

Thefe  methods  are  both  by  the  back  obfervation  ;  but  the  altitude  of 
4.ny  celeftial  object  may  be  taken  by  a  fore  obfervation  (which  is  moftly 
Ktractifed  if  the  horizon  towards  the  object  be  confpicuous)  :  For  which, 
$,nd  the  methods  of  rectifying  the  inftfurrtent,  the  reader  is  referred  to 

he  little  book  generally  given  with  thefe  quadrants  at  the  {hops  where 

hey  are  fold. 

The  directions  already  given  for  the'  taking  of  altitudes  at  fea  would  be 
Sufficient,  were  it  not  for  two  corrections  neceflary  to  be  made,  before 
he  altitude  can  be  accurately  afligned  :  The  firft  of  thefe  arifes  on  ac- 
count of  the  obferver's  eye  being  raifed  above  the  plane  of  the  horizon  j 
md  the  fecond  on  account  of  the  refraction  occafioned  in  fmall  altitudes 
->y  the  hazinefs  of  the  atmofphere. 

[090.   Of  the  correSiion  for  the  horizontal  dips.     PI.  XL  Fig.  12. 

The  eye  being  raifed  above  the  level  of  the  fea,  obferves  an  horizon 

>eIow  the  level  of  the  true  one. 

Thus  let  a  sf  be  the  furface  of  the  fea,  es  the  height  of  the  eye  above 
that  furface,  and  af  the  obferver's  horizon:  Then  the  eye  looking  along 
#  a  for  the  horizon^  it  dipping  below  the  true  one,  by  the  arc  a  a,  the 
Apparent  altitude  a  B  of  an  object  b  muft  evidently  be  leflened  by  the 
/iirc  A  a :  But  if  the  obferver  haS  his  back  towards  the  object  b  ;  then 

ooking  along  the  line  if  the  apparent  horizon  now  becoming  the  line 
j  :r  e  c,  and  dipping  below  the  true  one  by  the  arc  rf  or  a  c  ;  it  is  plain 

he  apparent  altitude  c  b  is  too  little,  and  muft  be  augmented  by  the  arc 

■ft  C  =  F  f. 

j  Confequently  in  the  fore  obfervations,  the  altitude  muft  be  leflened 
,3y  the  horizontal  dip ;  and  in  the  back  obfervations  the  altitude  muft  be 
ncreafed  by  the  dip  ;  but  in  zenith  diftances,  add  the  dips  forwards,  and 
ubtract  them  backwards. 


! 
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To  compute  the  horizontal  dips. 


Let  c  be  the  earth's  centre,  E  the  eye,  and  the  tangent  F.f  meeting  th 
furface  in/,  where  the  fky  and  water  feem  to  meet  j  then  cf  e  is  atrian 
gle  right  angled  at/*,  wherein  are  known  cf  —  cs  =  20899059  feet,  th 
earth's  femidiameter ;  and  ce  =  (cs-|-se)  the  height  of  the  eye  adde 
to  the  earth's  radius:  Then  as  ce  :  Rad  :  :  c/  :  fin.  Z.ce/,  who! 
complement  is  the  CL¥Ef  the  dip  fought. 

And  in  this  manner  was  the  table  here  annexed  calculated  to  the  dil 
ferent  elevations  of  the  eye  therein  fpecified. 


togi. 


Of  the  correction  caufed  by  rtfraStion. 


The  hazinefs,  or  vapours,  in  the  atmofphere  caufes  the  fun  and  ftai 
to  appear  higher,  or  with  greater  altitudes  than  what  they  really  have 
Thefe  refractions  have  been  collected  by  eminent  aftronomers ;  and  a 
far  as  obfervations  at  fea  may  be  affected  by  the  atmofphere,  the  refrac 
tions  are  inferted  in  the  annexed  table.  Hence  it  is  evident  the  apparen 
altitude  is  to  be  leflened  by  the  refraction  j  but  it  muft  be  added  to  th 
zenith  diftance. 

And  becaufe  the  corrections  of  altitude  may  appear  at  fight,  therefor 
the  horizontal  dips,  and  the  refractions,  are  both  exhibited  in  the  fol 
lowing  table. 

J 09 3.  A  Table,  fhewing  the  corrections  to  be  made  to  altitudt 
taken  at  fea,  both  on  account  of  the  height  of  the  eye  a 
hove  the  horizon^  K$nd  of  the  refraction  of  the  atmefphere. 


Heights  of! 

Correc- 

Altitud.' 

Correc- 

Altitud. 

Correc- 

the eye 

tions 

obferv'd 

tions 

obferv'd 

tions 

Feet 

Minutes 

Degrees 

Minutes 

Degrees 

Minutes 

5 

2 

1 

23 

12       1 

If 

10 

3 

z 

1  /i 

J5 

»5 

4 

3 

H 

20 

a| 

20 

5 

4 

1 1 

25 

2 

25 

sf 

5 

9 

3° 

i| 

3° 

6 

6 

8 

35 

4 

35 

6| 

7 

7 

40 

1 

40 

7 

8 

6 

50 

of 

45 

/  z 

9 

sl  : 

60 

oi 

5° 

8 

10 

5 

70 

°i 

To  have  the  fun's  or  ftar's  altitude,  or  zenith  diftance,  as  truly  as  th 
inftruments  will  take  them,  the  obfervation  muft  always  be  corrected  b 
thefe  numbers,  whether  it  is  made  by  Davis's  or  Hadley's  quadrants, 
by  any  other  instrument. 
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General  rules  for  ufing  the  Table  of  corrections, 

[094.  In  the  fore  observations. 

Add  the  Turn  of  the  corredlions  to  the  obferved  zenith  diftance,  for  tht 
rue  zenith  diftance. 

Or,  Take  the  fum  of  the  corrections  from  the  obferved  altitude,  fof 
he  true  altitude. 

1095.  In  the  back  obfervations. 

■  For  altitudes,  add  the  dips  and  fubtracl  the  refractions. 
And  for  zenith  diftances,  fubtracl:  the  dips  and  add  the  refractions. 

Alfo,  when  the  edge  of  the  fun  is  obferved  by  Hadlefs  quadrant. 

'  096.  In  the  fore  obfervation. 

To  the  obferved  altitude  add  16  minutes,  if  the  fun's  lower  edge  Is 
■■rought  to  the  horizon:  Or,  fubtracl;  16  minutes,  when  the  horizon 
!nd  upper  edge  coincide. 

097.  In  the  back  obfervation. 

To  the  obferved  altitude  add  16  minutes,  if  the  fun's  apparent  uppe? 
dge  comes  to  the  horizon:  Or,  fubtracl  16  minutes,  if  its  lower  edge 
s  brought  in  a  line  with  the  horizon. 

Ex  am.  I.  By  a  back  obfervation,  the  altitude  of  the  fun's  lower  edge  was 
"ound  by  Hadley's  quadrant  to  be  250  12';  the  eye  being  30  feet  above  the 
\\orizon :  Required  the  correcl  altitude  f 

The  dip  on  30  feet  high  is  6  min. ;  and  the  refrac.  on  250  is  2  min. 


Alt.  O  lower  edge     250  \z' 
Subtract  femidiam.       o    16 


App.  alt.  O  centre    24  56 


A  p..  alt.  O     240  56' 
Add  dip  o   06 


Sum 


From  25  °  02' 

Take  refrac.    a  oz 


25   02  J  Cor.  alt.        25  00 


And  in  like  manner  muft  all  the  obfervations  of  the  fun's  altitude  be 
:orrecled,  before  the  latitude  is  found. 


Exam.  II.  By  a  fore  obfervation,  the  altitude  of  the  fun's  lower  edge 
vas  found  by  Hadley's  quadrant  to  be  300  2o'i  the  eye  being  20  feet  above 


he  horizon :  Required  the  correcl  altitude  ? 

Alt    G  lower  edge     300  *o'  j  Ap  alt.  O      300  36'  ' 
Add  femidiam.  o   16      Take  dip         o   05 


App.  alt.  G  centre    30   36  J  Remains         30   31 


From  300  31' 

Take  refrac.    o  01 

Cor.  alt.       30    30 


XXX  2 
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^098,  To  make  an  artificial  Horizon. 

One  great  inconvenience  that  mariners  have  to  ftruggle  with  at  fea 
$s  the  frequent  want  of  an  horizon  :  For  tho'  the  atmofphere  may,  a 
the  height  of  10  or  12  degrees  and  upwards,  be  clear  enough  to  give  s 
view  of  the  fun  or  other  objects,  yet  a}l  below  that  height  is  oft  fo  hazi 
as  to  hinder  a  diftincl:  fight  of  the  horizon ;  and  confequeptly  an  ob 
fervation  made  at  fuch  a  time  cannot  have  the  corre<5tnefs  wifhed  for 
But  this  defect  is  quite  removed  by  a  kind  of  horizontal  fpeculum  in- 
vented by  Mr.  Serfon,  who  was  loft  with  the  Viflory  man  of  war,  where 
in  he  was  fent  to  make  trial  of  his  machine. 

The  principle  whereon  the  ingenious  author  founded  this  inflrument 
Was  derived  from  the  confederation  of  a  top  while  fpinningj  for  he  ob 
iierved,  that  the  top  had  a  very  considerable  degree  of  fteadjnefs  in,  and 
force  to  acquire  an  upright  motion ;  whether  the  body  which  fupporter 
it  was  in  motionor  at  reft,  in  an   horizontal  or  an  inclined  fituation  j 
He  therefore  judged,  that  if  a  circular  machine,  whofe  upper  furface  wa 
a  flat  poiifhed  fpeculum,  was  to  have  a  fvvift  circular  motion  communi 
cated  to  it,  that  fpeculum,  by  acquiring  an  horizontal  fituation,  wou!<| 
fhew  all  objecSts  which  it  reflected,  as  much  below  the  horizon,  as  thej  j 
really  arc  above  it,  in  the  fame  manner  as  in  a  common  looking  glafs  I 
confequently  if  the  image  of  the  fun,  as  feen  reflected  from  die  fpecu ; 
fum,  was  made  to  coincide  with  the  fun's  image,  feen  in  a  Hadley',  | 
quadrant;  the  angle  given  by  the  quadrant  would  in  all  cafes  be  the  dou 
ble  of  the  real  altitude.     Mr.  Serf  on  alfo  found,  that  to  confine  the  fpe 
culum  to  one  place  while  it  was  (pinning,  it   was  neceiTary  to  let  thu 
poinr-ran  in  a  hollow  cup  ;  for  the  horizontally  of  the  fpeculum  would 
not  be  altered,  whatever  pofition  might  be  given  to  the  cup,  provjdetj 
it  touched  the  fop  only  at  the  point  it  fpun  on. 

1099,  This  curious  and  ufeful  inflrument,  as  it  is  now  improved  by  Mrl| 
fokn  S'mcaton,  F.  R.  S.  confifts  in  a  well-poliihed  metal  fpeculum  of  abou 
3 1  inches  in  diameter,  inclofed  within  a  circular  rim  of  brafs  ;  fo  fitted- 
that  tile  centre  of  gravity  of  the  whole  fliall  fall  near  the  point  where| 
pn  it  fpins  ;•  that  is,  the  end  of  a  fteel  axis  running  thro'  the  centre  o| 
the  fpeculum,  above  which  it  finjfhes  in  a  fquare,  for  the  convenience 
of  fitting  a  roller  to  if,  when  it  is  to  be  fet  a  going  by  the  means  of  I 
piece  of  tape  wound  round  the  roller.  The  cup  in  which  it  fpins  is  mad<| 
of  poiifhed  agate,  flint,  or  other  hard  fubftance,  and  is  placed  on  a  fmal 
pillar,  Which  is  fixed  to  the  bottom  of  a  box,  whofe  pyramidal  covei 
is  compofed  of  glafs  planes ;  whereby  an  obfervation  can  be  made  of  | 
the  fpeculum  as  well  covered  as  uncovered,  and  thereby  it  will  be  pre-, 
vented  from  tarniihing  by  the  moifi  air  or  fpray  of  the  fea. 

-j  igo.  When  the  Top  is  to  be  ufed  in  a  meridian  obfervation,  it  is  con| 
venient  jo  know  about  what  time  it  is  proper  to  fet  it  up ;  this  unaj 
be  had  near  enough  by  taking  the  fun's  bearing  from  the  meridian  with  ar 
azimuth  compafs,  allowing  for  the  variation ;  and  if  it  has  about  5  degreeij 

tf 
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•0  run  before  it  culminates,  it  is  time  to  fpin  the  Top,  which  will  gene- 
rally run  12  or  15  minutes  fit  for  obfervation:  But  if  it  is  likely  to  go 
Jown,  or  fpin  too  weak,  before  the  obfervation  can  be  finifhed,  the 
cape  mould  in  the  mean  time  be  got  ready  wound  about  the  roller,  that 
the  top  may.be  fet  up  again  without  lofs  of  time;  and  if  the  box  be 
tveld  fteady  upon  fomething  nearly  level  when  the  tape  is  drawn  away, 
►he  fpeculum  will  be  fit  for  obfervation  commonly  in  leis  than  two 
minutes. 

As  foon  as  the  Top  is  (et  up,  put  on  the  glafs  roof  if  necefiary ;  let  an 
afiiftant  hold  the  box  as  fteady  and  level  as  he  can,  and  in  fuch  a  pofitir 
Dn  as  the  obferver  may  look  diredly  thro'  the  glafs  roof:  Then  let  the 
jbferver  place  himfelf  as  near  the  box  as  he  can  conveniently,  and  look 
down  on  the  fun's  image  in  the  horizontal  fpeculum,  and  bring  the  fun's 
Image  fcen  in  the  quadrant  to  agree  with  it,  fo  that  their  centres  coin- 
cide, and  the  quadrant  will  give  the  double  altitude,  without  any  allow- 
ance for  the  height  of  the  fhip,  or  the  fun's  femidiameter.  And  altho* 
rhere  may  appear  in  the  horizontal  image  a  kind  of  trembling,  yet 
when  the  centres  of  the  folar  images  are  brought  to  coincide,  the  ob- 
servation may  be  taken  as  truly  as  if  there  was  no  fuch  trembling. 

I ro j.  When  the  fun  is  above  45  degrees  high,  the  obferver  muft  look 
Khro'  that  fight  of  the  quadrant  which  is  ufed  for  a  back  obfervation : 
jBut  he  muft  look  down  on  the  horizontal  image,  or  that  in  the  top?  as 
Itif  it  was  the  back  horizon  ;  and  then  making  the  folar  images  to  agree, 
:he  quadrant,  according  as  it  is  numbered,  will  give  the  double  altitude, 
3r  double  zenith  diftance. 

As  this  latter  obfervation  is  fometimes  found  at  firft  more  difficult  to 
crake  than  the  former,  the  obferver  would  do  well  to  exercife  himfelf 
;rh°rein  in  good  weather,  when  he  has  an  opportunity  of  comparing  his 
enervations  with  thofe  taken  from  the  horizon  properly  corrected. 

Thefe  fpeculum  tcps  are  as  ufefui  by  night  as  by  day;  for  as  the  images 
pf  vl.  fmalleft  ftars  may  be  feen  in  the  fpeculum,  confequently  any 
■•  that  can  be  feen  reflected  from  the  glaffes  of  the  quadrant,  may 
be  obferved  by  the  top ;  and  thefe  are  all  the  ftars  of  the  firft  magni- 
tude, the  planets  Venus,  Mars,  Jupiter,  Saturn,  and  the  moon  :  So  that 
by  having  the  declinations  of  thefe  bodies  in  an  Ephemeris,  they  may 
be  ufed  in  obfervations  as  well  as  the  fun? 

As  the  great  diftreftes  to  which  fhips  are  fometirr.es  drove  in  feyeral 
parts  of  the  world  for  want  of  an  horizon  to  obferve  by,  are  by  this 
moft  ingenious  contrivance  quite  removed.  It  is  to  be  hoped,  that  when 
the  ufe  of  this  inftrument  is  more  generally  known,  few  fhips  will  be 
withouf  one,  altho'  the  expence  fh.ould  amount  to  five  guineas. 


SECTION 
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SECTION    VIII. 
M02.  To  find- the  Latitude  by  obfervation. 

Find  the  meridian  altitude  or  zenith  diftance  of  the  fun  or  ftar  by  at 
tiele  1084  or  1088. 

Correct  the  altitude  or  zen.  dift.  as  fhewn  in  arts.  1094,  95,  96,  97, 

Seek  the  fun's  or  ftar's  declination  in  the  Tables  at  art.  1052,  1054 
obferving  to  correct  the  fun's  decl.  for  places  more  than  12°  to  the  E. 
W.  of  London,  as  at  art.  963. 

In  latitudes  near  the  poles,  when  the  fun's  declination  exceeds  tb 
co-latitude,  the  fun  then  does  not  fet ;  and  therefore  two  altitudes  ma1 
be  taken  on  the  meridian  ;  the  leaft  of  which  is  called  the  altitude  be 
low  the  pole  :  And  the  fame  may  be  underftood  of  any  other  celeftia 
object,  which  does  not  fet. 

Let  the  declination  and  the  altitude,  or  zenith  diftance,  be  alway 
named  either  north  or  fouth,  according  to  the  feafon  of  the  year,  and  thi 
fituation  of  the  objecl: ;  and  when  it  fo  happens  that  they  are  of  no  mag- 
nitude, they  msy  then  be  named  either  north  or  fouth  at  pleafure. 

Thefe  remarks  being  premifed,  all  the  varieties  of  working  an  obfer 
vatipn  for  the  latitude  are  contained  in  the  folution  to  the  following 
problem. 

PROBLEM. 

Tlie  declination  of  the  fun  or  a  far,  and  alfo  its  meridian  altitude,  at 
zenith  dijl  an  ce  being  known  \  to  find  the  latitude  of  the  place  of  obfervation. 

When  the  Object  rises  and  sets. 

1 103.  Case  I.  If  the  zen.  dijl.  and  decl.  have  the  fame  name. 
Rule.  Their  difference  fhews  the  latitude  required. 

Like  the  declination,  when  it  is  greater  than  the  zenith  diftance  :  But 
unlike,  when  it  is  lefs  than  the  zenith  diftance. 

■ 

1104.  Case  II.  If  the  zen.  dijl.  and  decl.  have  contrary  names. 

Rule.  Their  fum  fhews  the  latitude  required. 

And  is  always  like  the  declination. 

When  altitudes  are  given,  take  them  from  900  for  zenith  diftances. 

1105.  When  the  Object  does  not  set. 

If  the  greatefl  meridian  altitude  or  zenith  dijlance  can  be  taken,  the  pre' 
cealng  rules  will  ferve  :  But  when  the  leajl,  or  that  below  the  pole,  can  only 
be  taken.     Then 

Rule.  To  the  meridian  altitude  below  the  pole,  add  the  co-declina- 
tion, the  fum  fhews  the  latitude,  of  the  fame  name  with  the  declination. 

The  demonftrations  of  thefe  rules  will  be  (hewn  after  the  examples. 

Exam. 
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Exam.  I.    The  Juris  meridional 

zenith  di fiance  was  objerved  to  be  48  ° 

20' foutherly,  when  be  entered  the  Jign 

Aries :  Required  the  lot.  of  the  place  ? 

The  zenith  diftance    480  20'  S. 

Declination         00  00  S. 


Latitude  fought  48  20  N.  (1 103) 

1    Exam.  III.  Being  at  fea,  the  fun 
was  obferved  in  the  zenith,  when  his 
declination  was  22°  10'  N.:    What 
s  the  latitude  of  that  place  ? 
The  zenith  diftance    oo°  oo'N. 
Declination         22  10N. 


Lat.  fought         22  ioN.(iio3) 

J  Exam.  V.  The  fun  was  obferved 
0  be  470  25'  dijlant  from  the  zenith 

\n  the  Jouth,  when  his  declination  was 
40  18'  S. :  What  is  the  lat.  of  the 

llace  of  obfervation  ? 

IJThe  zenith  diftance    47"  25 
Declination         14  18 


■'S. 
S. 


Lat.  fought        33  07^(1103) 

I  Jlxam.VII.  December  12^,1753, 
he  fun's  meridian  zenith  diflance  was 
•bjerved  to  be  8°  25'  S. :  Required  the 
ijtitude  of  the  place  ? 
i]The  zenith  diftance      8q  25'  S. 
Declination        23  07  S. 

Lat.  fought         14  42  S.(no3) 

Exam.  IX.  Augujl  25th,  1753, 
)e  fun's  meridian  zenith  diflance  was 
Sferyed  to  be  32°  57'  S. :  What  is 
u  latitude  of  the  place  ? 
The  zenith  diftance    3  2P  5  7'  S. 
Declination        10  51  N. 


Lat.  fought        43  48  N.  (11 04) 


Exam.  II.  When  the  fun  entered 
the  Jign  Libra,  his  meridian  altitude 
was  obferved  to  be  53*  32'  in  the  north  : 
What  is  the  latitude  of  that  place  ? 
The  co-alt.  orzen.dif.  36°  28'N. 
Declination  00  00  S. 


Lat.  fought  36  28  S.(uo4) 


Ex  A  M.  IV.  The  Jim's  meridian  ze- 
nith diflance  was  objerved  21°  08'  S., 
when  his  decl.  was  thejame  :  Required 
the  latitude  of  the  place  of  obfervation  ? 
The  zenith  diftance  2  i  °  08'  S, 
Declination  21   08  S. 


Lat.  fought  00  00  S.(no3) 

Exam.  VI.  The  furis  meridian 
altitude  was  obferved  to  be  54°  27' 
north,  when  his  declination  was  190 
57'  north :  Required  the  latitude  of 
the  place  ? 

Theco-alt.  orzen.dif.  35°  33'N. 
Declination         19  57  N. 

Lat.  fought  15  36  S.(ii03) 

Exam.  VIII.  June  12th,  1754, 
objerved  the  Juris  meridian  altitude  to 
be  79°  23'  N. :  What  is  the  latitude 
oj  the  place  of  obfervation  f 
Theco-alt.  orzen.dif.  io°37/N. 


Declination 


13  N. 


Lat.  fought  12  36N.(ii03} 

Exam.  X.  Suppofe  the  meridian 
altitude  of  the  fun  was  obferved  to  be 
48°  14'  N.,  when  his  declination  was 
1 7®  38'  S. :  Req.  the  lat.  of  that  place  ? 
Theco-alt.  orzen.dif.  4i°46/N. 
Declination  17  38  S. 


Lat.  fought  59  24  S.(no4) 


In  the  fame  manner,  the  latitude  may  be  found  by  obfervatiens  of  the 
:!*itude  or  zenith  diftance  of  any  known  ftar,  or  fuch  whofe  decline- 
'on  is  known  j  for  which  fee  the  table  at  art.  1054. 


Ex  Am* 
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Exam.  XI.  Obferifed  the  meridi- 
an zenith  di fiance  of  Slrius  to  be  36° 
25'  jV.  :  Required  the  latitude  of  the 
place  of  obfervation  ? 


The  zenith  diftance      360 
Declination  1 6 


'N. 
S. 


Lat.  fought  52  46    S. 

fixAM.  XIII.  JuneJ2th,iyS^  *& 
fun  was  obferved  on  the  meridian, 
when  his  altitude  beloiv  the  pole  was 
8°  45'  N. :  What  Is  the  latitude  of 
the  place  of  obfervation  f 


The  altitude 
Co-declin. 

Lat.  fought 


8°45'N. 

66  5a  N. 

75  35  N.- 


Exam.  XII.  The  meridian  alti- 
tude of  the  flar  Arclurus  was  ob- 
ferved to  be  68°  39'  S.  :  IVhat  is  tht 
latitude  of  the  place  of  obfervation  f 

The  co-alt.  or  zen.  dift.  z\°  zx' $. 
Declination  20  38  N. 

Lat.  fought  41   59  N. 


ExaM.  XIV.    December   18/^ 
1754,  the  fun's  meridian  altitude  be- 
low the  pole  was  found  to  be  10°  25' 
fouth  :  Required  the  latitude  of  the 
place  of  obfervation  ? 


The  altitude 

Co-declination 


106  25'  S. 
66    34.   S. 


Latitude  fought      76    59    S.- 


106. 


Demonflratlon  of  the  preceding  rules* 
See  Plate  XI.  Figures  13, 14,  15. 


Let  the  circle  hzrn  reprefent  the  meridian  of  the  place,  hr  the  horfc 
zon,  and  z  its  zenith  or  pole :  Alfo  let  ps  reprefent  the  axis,  p  being 
the  north,  and  s  the  fouth  pole;  the  line  EQ^the  equator,  0  the  place 
of  the  fun,  the  arc  z0  the  zenith  diftance,  and  E0  the  declination. 

Now  the  latitude  is  exprefled  either  by  the  height  of  the  pole  above 
the  horizon,  or  by  the  diftance  of  the  equator  from  the  zenith  ;  confe- 
quently  the  arc  rp  =  hs,  or  the  arc  ze,  being  known,  will  give  the 
latitude. 

But  the  arc  ze  is  ever  equal  to  the  fum  of  the  arcs  z©  and  e0,  whert 
of  contrary  names ;  or  to  their  difference  when  of  the  fame  name. 

When  the  object  does  riot  fet,  then  its  leaft  altitude  R0  added  to  the 
arc  p©,  or  co-declination,  gives  RP,  the  height  of  the  pole  above  the 
horizon,  or  the  latitude  fought :  And  the  fame  may  be  undefftood,  was 
the  leaft  altitude  above  the  fouth  point  of  the  horizon. 

Hence  it  will  be  eafy  to  conftrucl:  any  of  thefe  cafes.     Thus  : 

Set  the  zen.  dift.  from  z,  to  the  left  if  fouth,  but  to  the  right  if  north? 
and  this  gives  O  the  place  of  the  fun. 

Set  the  decl.  from  ©,  to  the  right  if  fouth,  but,  to  the  left  if  north? 
and  this  gives  E  the  place  of  the  equator. 

Then  drawing  the  dianr.  eq^>  and  thedramv  ps  at  right  angles' to  iQj 
the  latitude  will  be  north  or  fouthy  according  as  p  or  s  falls  above  the* 
horizon, 
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SECTION     IX. 

Of  a  Ship's  Reckoning* 

1106.  A  Ship's  reckoning  is  that  account,  whereby  at  any  time  it 
may  be  known  where  the  fhip  is,  and  on  what  courfe  or  courfes  fhe  is 
to  freer  to  gain  her  port. 

Dead  reckoning,  is  that  account  deduced  from  the  occurrences 
wrote  on  the  log-board. 

The  Log- board  is  a  painted  black  board,  wbereon  is  wrote  in  chalk 
whatever  is  thought  worthy  of  note  from  day  to  day;  and  for  a  proper 
difpofition  of  fuch  notes,  the  board  is  divided  into  five  columns  :  The 
left  hand  one  contains  the  24  hours  from  the  noon  of  one  day  to  the 
noon  of  the  next ;  in  the  2d  and  3d  columns  are  the  knots  and  fathoms 
the  fhip  is  found  to  run  per  hour,  fet  againft  the  hours  when  the  log  was 
hove ;  the  4th  column  contains  the  courfes  the  fhip  fleers ;  and  in  the 
5th,  or  right  hand  column,  is  wrote  the  winds,  the  alteration  of  the 
fails,  the  bufinefs  doing  aboard,  and  what  other  remarks  the  officer  of 
the  watch  thinks  proper  to  infert :  For  it  mould  be  obferved,  that  it  is 
ufual  to  divide  a  fhip's  company  into  two  parts,  called  the  ftarboard  and 
larboard  watches,  who  alternately  do  the  duty  of  the  {hip  for  four  hours 
and  four  hours. 

1.107.  The  Log-book  is  a  book  ruled  like  the  log-board,  in  order 
to  contain  the  daily  copies  of  the  remarks  wrote  on  the  log-board,  which 
is  the  only  authentic  record  of  the  fhip's  tranfaftions ;  and  thefe  are  by 
the  perfons  who  keep  'Journals  tranfcribed  every  day  at  noon  into  their 
log-books,  from  whence  they  make  the  neceffary  deductions  relative  to 
$he  fhip's  place. 

j  108:  But  as  the  fhip's  motion  is  liable  to  be  difturbed  from  a  variety 
of  caufes,  fuch  as  a  continual  deflection  from  the  courfe  fet,  by  the  fhip's 
playing  to  the  right  and  left  round  her  centre  of  gravity,  and  the  unequal 
care  of  the  helmfmen ;  the  diftance  being  faulty,  on  account  of  tumbling 
feas  rolling  with  or  againft  the  fhip  ;  the  unfteadinefs  of  the  wind  j  un- 
known currents ;  fudden  ftorms,  and  many  other  impediments  which 
feem  impoffible  to  be  furmounted  ;  confequently  her  place,  according  to 
the  dead  reckoning,  may  be  juftly  doubted,  and  therefore  mariners  try 
every  day  to  find  the  latitude  their  fhip  is  in  by  obfervations  on  the  fun 
or  ftars  ;  and  if  the  latitude  obtained  by  obfervation,  and  that  found  by 
dead  reckoning,  ggree,  it  is  prefumed  the  fhip's  place  is  well  determined  : 
But  if  they  difagree,  the  account  of  longitude  muft  be  corrected  j  and 
for  the  latitude,  that  found  by  obfervation  is  always  to  be  depended  on. 

1 1 09.       Various  methods  of  corr effing  the  Reckoning  of  longitude. 

Confider  whether  the  difference  may  not  have  been  occafioned  by  a 
Current,  and  if  it  is  pofftble,  try  it  (by  art.  706) ;  or  make  fuch  an  efti- 
mate  of  its  fetting  and  drift  as  may  be  judged  reafonable  :  Then  with 
the  fetting  and  drift,  as  a  courfe  and  diftance,  find  the  diff.  lat.  and  diff. 
long.,  with  which  increafe  or  diminifh  the  dead  reckoning ;  and  if  the 
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latitude,  thus  corrected,  agrees  with  the  latitude  by  obfervation,  then 
fhe  longitude  thus  corrected  may  be  fafely  taken  as  true,  and  fo  the  fhip?j 
place  determined. 

Exam.  Suppofe  a  jhip  in  24  hours  finds  hy  her  dead  reckoning  Jhe  ha. 
made  96  miles'  of  diff.  lat.  N.t  and  38  miles  of  departure  weft  \  but  by  oh 
fervaticn>  finds  her  difference  of  latitude  is  112,  and  on  trial  finds  a  current, 
■'which  in  24  hours  make  16  miles  of  diff.  lat.  N.,  and  10  miles  of  dep.  E.. 
Required  the  flnf's  departure  P 


Diff.  lat.  by  account  96  m.  N. 

Diff.  lat.  by  current  16  m.  N. 

True  diff.  lat.  ?  1 2  m.  N. 


Departure  by  account       38  m.  Wfl 
Departure  by  c'ssvent        iom.E.I 

True  departure  28  m.  W 


Here  the  dead  reckoning  corrected  by  the  current  gives  the  diff.  lat 
,112  miles,  which  is  the  fame  as  found  by  obfervation ;  therefore  the 
departure  28  is  taken  as  the  true  one. 

1 110.  The  error  in  the  dead  reckoning  is  ufually  attributed  to  un- 
known currents :  For  by  various  caufes,  yet  indetermined,  there  an  I 
jmany  counter-motions  of  the  water  in  the  open  feas,  as  well  as  thofe  obi 
ferved  near  the  fhores  where  the  motions  may  be  tolerably  well  accounted 
For.  Some  of  the  obferved  currents  in  the  great  feas  may  perhaps  be  ow- ; 
jng  to  the  tide's  following  the  moon,  and  to  the  Jibratory  motion  thi^ 
waters  may  have  thereby ;  and  the  unfettled  fetting  and  drift  of  thefil 
currents  may  poflibly  depend  on  die  change  in  the  moon's  declination  I 
However,  it  is  well  known  from  obfprvations  that  the  trade  winds  occal 
fion  a  confiderable  current  within  their  limits,  particularly  within  the  Tori 
rid  zone,  where  the  motion  is  perpetually  towards  the  weft,  at  the  rati  J 
pf  about  8  or  10  miles  a  day  :  But  at  the  extremities  of  the  trade  winds! 
or  near  the  latitudes  of  30  degrees  north  and  fouth,  it  is  likely  that  thil 
currents  are  compounded  of  the  faid  weftern  motion,  and  of  one  toward  J 
the  equator  (by  obf.  2d.  art.  607) :  Therefore  all  (hips  failing  within; 
thefe  limits  fhould  allow  a  courfe  each  day  for  this  current. 

mi.  If  when  all  currents  nave  been  allowed  for,  there  mould  fill 9 
be  a  difference  between  the  obferved  latitude  and  that  given  by  account  ;| 
jhen  a  farther  correction  muft  be  made. 

The  bufinefs  of  correcting  a  fea  reckoning  is  a  very  precarious  opera^i 
tion,  and  at  beft  is  little  more  than  guefling  ;  for  by  ought  that  appears  1 
the  fhip  may  be  either  to  the  eaftward  or  weftward  of  the  point  whereii 
the  reckoning  places  her,  and  the  mariner  not  be  able  to  pronounce  witty1 
certainty  whether^  However,  the  following  methods  are  ufually  taken. 

If  the  difference  of  latitude  is  much  more  than  the  departure,  or  tto  1 
direct  courfe  has  been  within  three  points  of  the  meridian ;  then  it  i 
molt  likely  the  error  is  in  the  diftance. 

And  if  the  departure  is  much  greater  than  the  diff.  lat.,  or  the  direc" 
courfe  is  within  three  points  of  the  parallel,  or  more  than  five  points  fron 
the  meridian,  the  error  may  be  afcribed  to  the  courfe. 

But  if  the  courfes  are  in  general  near  the  middle  of  the  quadrant,  th 
error  may  be  either  in  the  courfej  or  in  the  diftance.  or  in  both- 
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For,  Co  caufe  an  alteration  in  the  diff.  lat.,  the  firft  of  thefe  cafes  re- 
quires a  greater  error  in  the  courfe  than  can  well  be  fuppofed  to  have 
been  committed ;  in  the  fecond  cafe,  the  diftances  muft  be  fo  faulty  as 
would  fcarce  efcape  obfervation ;  and  in  the  1  aft,  it  is  often  doubtful 
whether  to  attribute  the  error  to  the  courfe  or  diftance  ;  but  it  is  ufually 
corrected  in  both. 

J112.  First  Method. 

IVhen,  by  the  dead  reckoning,  the  diff.  lat.  is  more  than  once  and  a  half  the 
departure  :  Or,  which  is  the  fame ,  when  the  courfe  is  lefs  than  three  points  i. 

To  the  diff".  lat.  and  the  departure  by  account,  find  the  courfe. 

With  this  courfe,  and  the  diff.  lat.  by  obfervation,  find  anew  depart* 

With  the  new  depart.,  and  the  co-mid.  lat.,  find  the  diff.  long. 

Exam.  Teflerday  noon  we  were  in  lat.  ^  1%'N.,  and  By  an  obfervation^ 
are  this  day  noon  in  lat.  37°  48'  N. ;  our  dead  reckoning  gives  106  miles  of 
fouthing,  and  64  miles  of  eafling  ;  Required  the  Jhip's  true  difference  of  Ion.  f 

By  the  Traverse  table. 
The  diff.  lat.  106,  and  the  dep.  64,  gives  the  courfe  2|  points. 
The  courfe  2|  points,  and  the  diff.  lat.  by  obferv.  90,  gives  a  dep.  54, 
The  co-mid.  lat.  51*27^  and  true  dep.  54,  gives  the  diff.  long.  69. 

iii3*         v  Second  Method. 

When,  by  the  dead  reckoning,  the  departure  is  more  than  once  and  a  half 
the  diff.  lat. :  Or,  the  courfe  is  more  than  five  points* 

With  the  diff.  lat.  and  dep.  by  account,  find  the  diftance. 

With  this  diftance,  and  the  diff.  lat.  by  obferv.  find  the  true  depart* 

With  the  co-mid.  lat.  and  true  dep.  find  the  diff.  longitude. 

Exam.  Teflerday  noon  we  ivere  in  lat.  48°  52'  N.,  and  were  to  day  at 
hoon  in  lat.  500  18'  N. ;  our  dead  reckoning  Jhews  we  have  made  68  miles  of 
^northing  and  112  miles  of  we/ling :  Required  the  true  difference  of  longitude 
the  Jhip  has  made  ? 

Bvthe  Traverse  table. 

The  diff.  lat.  68  and  dep.  112,  gives  132  for  the  diftance. 

The  dift.  132,  and  diff.  lat.  by  obferv.  86,  gives  the  true  depart.  100  »■ 

The  co-mid.  lat.  400  25',  and  true  dep.  100,  gives  155  miles  for  diff. 
longitude. 

^114.  Third  Method. 

When  the  dift.  lat.  and  departure  by  account  are  nearly  equal.,  or  the  direel 
tourfe  has  been  between  three  and  five  points  of  the  meridian. 
To  the  diff.  lat.  and  depart,  by  account,  find  the  diftance. 
With  this  dift.  and  diff.  lat.  by  obfervation,  find  another  departure.' 
Take  the  half  fum  of  the  two  departures  for  the  true  one. 
With  the  co-mid.  lat.  and  true  dep.  find  the  diff.  longitude. 

£xam.  Thefe  lafil  24  hours  we  have  made  84  miles  of  northing,  and  76 
}  eafling  ;  we  were  yeflerday  noon  in  lat.  5  2°  40'  N.,  and  are  this  noon  in 
t,  540  22'  N, ;  What  diff.  longitude  has  the  Jhip  made  f 
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By  the  Traverse  table. 
To  the  diff.  lat.  84  and  dep.  76,  the  diftance  js  113  miles. 
With  the  dift.  113  and  diff.  lat.  by  obferv.  102,  find  a  dep.  47,7^ 
The  fum  of  the  two  departures  76  and  47,7  is  123,7,  *ts  half  is  6i,8|l 
To  the  co-mid.  lat.  360  29'  and  true  dep.  61,8,  the  diff.  long,  is  103.  ] 

1 1 15.  The  difficulty  of  finding  the  longitude  at  feahas  inclined  man1* 
perfons  to  attempt  the  folution  of  this  moft  ufeful  problem :  Some,  witil 
no  other  view  than  the  great  advantage  which  the  art  of  navigation 
would  derive  from  their  labours ;  others,  and  by  much  the  greateft  num  I 
ber,  who  have  exhibited  their  thoughts  on  this  fubjecl:,  were  vifionarti 
whimficai  men,  only  lured  by  the  hopes  of  the  appointed  reward  :  Bu  I 
Dr.  Halley  having  collected  a  great  multitude  of  obfervations  made  oil 
the  variation  of  the  needle  in  many  parts  of  the  world,  he  by  the  help  o  j 
the  latitude  and  longitude  of  the  places  of  thofe  obfervations,  was  en  I 
abled  to  draw  on  a  Mercator  chart  certain  lines,  fhewing  the  variation 
of  the  compafs  in  all  thofe  places  over  which  they  paffed  at  the  time  hid 
piblifhed,  in  the  year  1700;  and  confequently  the  longitude  of  any  o| 
thofe  places  could  be  found  by  the  chart,  having  its  latitude  and  th«  vaJ 
nation  of  the  needle  in  that  place  given. 

ii  16.  Fourth  Method. 

To  find  the  longitude  at  fea  by  the  variation  chart. 

Find  the  variation  of  the  compafs.     For  which  fee  art.  1076. 

Draw  a  parallel  of  latitude  on  the  chart  thro'  the  lat.  found  by  ob  J 
fervation. 

And  the  point  where  it  cuts  the  curved  line,  whofe  variation  is  thi 
fame  with  that  obferved,  will  be  the  fhip's  place. 

Exam.  A  Jhip  finds  by  a  good  obfervation  that  Jhe  is  in  the  lat.  of  18] 
20'  N. ;  and  that  the  variation  of  the  compafs  is  40  weji  :  Required  tb\ 
Jhip's  place  ? 

Take  from  the  graduated  meridian  the  diftance  between  the  equatoi 
and  the  lat.  of  180  20'  N.  :  Lay  a  ruler  along  the  equator,  and  Aide  onJ 
point  of  the  compaffes  along  its  edge  till  the  other  point  cuts  the  curvj 
of  40  weft  variation,  and  the  interferon  gives  the  fhip's  place,  whofl 
longitude  will  be  found  to  be  about  270  io'weft  from  London. 

1 1 17.  There  are  two  confiderable  inconveniences  which  attend  thi1 
method. 

Firfi.  That  wherever  the  variation  lines  run  eaft  or  weft,  or  nearly  (o\ 
this  way  of  finding  the  longitude  becomes  imperfect :  But  among  all  thi 
trading  parts  of  the  world,  this  imperfection  is  at  prefent  found  chief!; 
on  the  weft  coafts  of  Europe  between  the  latitudes  of  450  and  530 ;  on  thi 
eaftern  fhores  of  North  America,  and  in  fome  parts  of  the  weftem  ocean 
and  Hudfon's  bay,  lying  between  the  faid  fhores ;  therefore,  for  the  othe 
parts  of  the  world,  a  variation  chart  may  be  efteemed  as  of  the  greatef ; 
ufe. 

1  r  1 8.  But  the  variation  curves,  even  where  they  run  eaft  and  weft 
.  may  be  fometimes  applied  to  good  "ufe  in  corre&ing  the-  latitude,  whei 
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meridian  obfervations  cannot  be  had,  as  it  frequently  happens  on  the 
northern  coafts  of  America,  in  the  weftern  ocean,  and  about  Newfound- 
land :  For  if  the  variation  can  be  obtained  correctly,  then  the  eaft  and 
weft  curve  anfwering  to  that  variation  on  the  chart  will  (hew  the  latitude. 

Secondly.  As  the  deflection  of  the  magnetical  meridian  from  the  true 
one  is  fubject  to  continual  alteration  -}  therefore  a  chart,  to  which  the 
variation  lines  are  fitted  for  any  year,  muft  in  time  become  ufelefs,  un- 
lefs  new  lines,  (hewing  the  ftate  of  the  variation  at  that  time,  be  drawn 
on  that  chart :  But  as  the  change  in  the  variation  is  very  flow,  therefore 
new  variation  charts  being  publifhed  every  ioor  12  years,  will  anfwer 
the  purpofe  wanted. 

In  the  year  1746  Mr.  William  Mountaine,  F.  R.  S.  and  Mr.  James 
Dodfon  fitted  the  variation  lines  to  Dr.  Halley's  chart,  for  the  year  1744. 
As  thefe  gentlemen  had  collected  feveral  thoufands  of  obfervations  to 
work  on,  they  were  enabled  to  perform  this  bufxnefs  with  great  cor- 
reclnefs ;  infomuch,  that  wherever  their  chart  has  been  ufed  it  was  found 
of  very  great  importance,  even  to  the  faving  a  Ihip  in  the  Indian  ocean ; 
and  it  is  much  to  be  wiflied  they  were  in  more  general  ufe. 

1119*  Fifth  Method. 

To  find  the  longitude  from  celejiial  obfervations* 

It  was  mewn  at  article  657,  that  the  difference  of  longitude  between 
two  places  could  be  determined,  by  knowing  the  difference  between  the 
times  that  any  remarkable  appearance  in  the  heavens  was  feen  in  thofe 
places. 

For  as  thefe  appearances  confift  in  the  appulfes,  that  is,  the  approaches 
of  the  heavenly  bodies  to  one  another,  or  their  paflage  by  one  another ; 
and  thefe  appulfes  when  they  happen,  are  feen  at  the  fame  inftant  of  ab- 
folute  time  to  all  parts  of  the  earth  where  they  are  vifible:  Therefore 
by  knowing  the  relative  times  of  the  day  when  fuch  appearances  are  feen 
in  two  diftant  places,  the  difference  between  thofe  times  is  known,  and 
confequently  the  difference  of  longitude  between  thofe  places. 

There  are  every  year  publifhed  feveral  Almanacs,  or  Ephemeres, 
wherein  are  noted  the  eclipfes  of  the  fun  and  moon,  the  times  of  the 
planets  rifing,  fetting,  and  fouthingj  the  eclipfes  of  Jupiter's  fatellites, 
and  the  times  when  other  celeftial  appearances  may  be  feen  at  the  places 
for  which  thofe  Ephemeres  are  calculated :  Now  a  mariner  having  one  of 
>!  thefe  Almanacs,  if  he  obferves  at  what  time  any  of  thefe  appearances 
happen  in  any  part  of  the  world  he  may  be  then  in,  will  readily  know 
his  longitude. 

1 1 20.  Among  the  fatellites  of  Jupiter,  one  or  more  is  eclipfed  almoft 
every  night ;  for  they  difappear  either  in  going  behind  Jupiter,  or  in 
pafling  before  him ;  and  the  inftants  of  fuch  immerfions  and  emerfions 
may  be  feen  by  a  refracting  telefeope  of  about  8  or  9  feet  long,  or  by  a 
reflecting  one  of  about  9  inches  focal  length.  The  reflecting  telefeope 
is  much  more  commodious  at  fea,  on  account  of  its  fhortnefs ;  but  the 
metals  are  very  fubject  to  be  tarnifhed  by  the  moift  air. 

1 1 21.  To  determine  the  longitude  of  any  place  from  celeftial  obfer- 
vations, it  i*  necei&ry  that  the  time  of  the  day  be  well  known  in  that 

place 
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place  where  the  obfervattoii  is  made  j  and  among  the  various  methoc 
propofed  for  this  purpofe,  none  feems  more  fit  to  be  pra£tifed  at  fea  tha 
the  method  by  equal  altitudes  i  for  no  regular  deductions!  can  be  made  with 
out  knowing  the  precife  time  of  noon.  Now  as  clocks  and  watches  un 
dergo  confiderable  alterations  from  the  motion  of  a  lhip  and  the  chang 
of  the  climate,  they  ought  to  be  carefully  examined,  and  their  gain  o 
lofs  per  day  afcertained  whenever  they  are  to  be  ufed  in  the  correcting  o 
the  longitude ;  and  this  need  not  be  done  very  often,  only  at  fueh  time 
when  the  {hip  may  be  fuppofed  thro'  ftorms  or  bad  weather  to  be  con 
fiderably  out  in  her  dead  reckoning. 

At  fuch  times,  the  fhip  lying  by,  let  the  fun's  altitude  be  taken  at  anj 
time  in  the  forenoon,  fet  down  that  time  and  altitude :  In  the  afternoon 
watch  for  the  fun's  having  the  fame  altitude  exactly,  and  note  dowi 
that  time  5  then  the  half  fum  of  thefe  two  times,  i$  the  time  fhewn  b; 
the  clock  or  watch  when  it  was  noon  in  that  place. 

As  it  is  poflible  that  an  altitude,  equal  to  one  taken  on  the  eaftern  fid 
of  the  meridian,  cannot  be  obferved  on  the  weftern  fide,  by  the  interpo 
fition  of  clouds  j  it  is  therefore  beft  to  take  feveral  in  the  forenoonj  o 
on  the  eaft  fide,  in  order  to  have  the  greater  probability  of  fecuring ; 
correfponding  altitude  on  the  weftern  fide  or  afternoon ;  and  if  fevera 
obfervations  of  equal  altitudes  can  be  made  on  both  fides  of  the  meridian 
it  will  be  beft  to  take  the  mean  time  correfponding  to  each  pair  of  equa 
altitudes ;  and  if  the  means  all  agree,  it  is  an  evident  figri  that  the  ob 
fervations  were  well  made :  But  fhould  they  difagree  half  a  minute  o: 
fo  ;  then  it  is  beft  to  add  together  all  the  times  of  noon,  and  divide  th 
fum  by  the  number  of  times,  and  the  quotient  may  be  taken  for  th 
true  time  of  noon  in  that  places  as  fhewn  by  the  clock  or  watch. 

In  the  taking  of  thefe  equal  altitudes  of  the  fun,  it  will  be  moft  con 
venient  to  have  them  at  a  diftance  from  one  another  not  exceeding  4  o 
5  hours ;  becaufe  then  there  will  be  no  oCcaiion  to  correct  the  lattei 
altitude  by  the  alteration  in  declination  during  that  time. 

1 122.  The  true  time  of  noon  being  obtained,  then  the  time  that  an;' 
planet,  or  other  celeftial  body  palTes  the  meridian,  may  be  thus  known  1 
On  the  evening  following,  let  one  or  more  altitudes  of  the  planet  b 
taken,  which  fet  down  with  their  refpe&iye  times;  and  on  the  nex 
morning  note  down  the  times  when  that  planet  has  the  fame  altitudes: 
The  half  fum  of  thefe  two  times  will  be  the  time  when  the  obfervec 
planet  palled  the  meridian  of  that  place  j  and  if  feveral  obfervations  hayi 
been  taken,  find  the  mean  of  them,  as  before  for  the  fun :  But  if  tjfit 
planet  obferved  be  the  moon,  whofe  declination  may  be  confiderabb| 
altered  between  the  times  of  the  obfervations ;  then  let  a  proportiona 
part  of  her  daily  variation  in  declination  be  added  to,  or  fubtra&ed  from 
the  time  found  for  her  paffing  the  meridian,  according  as  the  mooni 
receding  from,  or  approaching  to,  the  elevated  pole. 

And  if  there  is  reafon  to  fufpe£t  that  the  clock  or  w^tch  gains  or  lofe 
every  day ;  let  the  times  of  two  equal  altitudes  of  the  fun  be  taken  nex 
day,  and  the  noon  thereby  determined':  Then  the  difference  betweer 
the  times  of  noon  both  days,-  as  fhewn  bf  the  clock  or. watch,  wilhbt 
its  daily  variation  ;;  and  «he  time  of  the  planers' palling  the  meridian  taw 
he  increafedordimiciftied:by  &$?^&%}&ipW&$§.  that  variation.- 
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112$-  Now  by  having  a  table  or  an  Ephemeris,  containing  the  times 
^hen  the  moon  paffes  the  meridian  of  a  certain  place;  and  by  having 
from  obfervation  the  time  when  (he  paffes  the  meridian  of  any  other  place, 
;  the  difference  between  the  longitudes  of  rhofe  two  places  may  be  thus  found. 

Seek  in  the  Ephemeris  for  the  time  of  her  fouthing  on  the  given  day, 
and  that  of  the  following  day,  and  take  their  difference  ;  alfo  take  the 
difference  between  the  times  of  the  tabular  fouthing  and  the  obferved 
.one,  on  the  fame  day  ;  then  fay  ■ 

As  the  daily  difference,  is  to  the  obferved  difference  ; 

So  is  360  degrees,  to  the  difference  of  longitude  fought, 
j    For,  As  the  whole  difference  arifes  in  a  day,  or  by  the  running  thro* 
'3600  ;  confequently  anyfcpart  of  that  difference  will  require  a  proportio- 
nal part  of  360  degrees. 

Exam.  Suppofe  at  fea,  the  moon  was  ohferved  to  pafs  the  meridian  on  the 
iSth  day  of  June,  17535  at  57  min.  after  one  in  the  morning:  Required  the 
longitude  of  that  place  ? 

At  London  the  moon  paffes  the  meridian  on  the  18th  of  June,  at  1  h, 
;47  m.,  and  on  the  19th  day,  at  2  h.  31m.;  the  difference  is  44  min.  ; 
and  the  obferved  time  is  10  min.  later  than  at  London. 

Then  as  44 min.  :  10  min.  ::  360?  :  (^^zzz)  8i°  49'.  Which 
jfhews  that  place  to  be  8t°  49'  to  the  weft  of  the  meridian  of  London. 

1 1 24.  As  the  Tables  of  the  moon's  motions  are  not  yet  arrived  at  the 
wifhed  for  accuracy,  confequently  the  times  of  her  palling  the  meridian  of 
any  place,  as  fhewn  by  an  Ephemeris,  are  not  fo  true  as  they  might  be, 
and  therefore  the  diff.Iong.  found  by  the  time  of  the  moon's  fouthing  may 
err  about  2  degrees  j  and  fhould  the  time  of  her  paffing  the  meridian  be 
ill  obferved,  the  error  may  be  much  greater  :  It  has  therefore  been  pro- 
ofed to  keep  an  account  of  longitude  by  a  time-keeper,  or  kind  of  clock, 
that  mould  always  fliew  the  true  time  under  the  meridian  of  fome  one 
place;  confequently  Was  the  time  of  the  day,  found  in  any  other  place, 
compared  with  the  time  then  fhewn  by  fuch  a  clock,  the  difference  of 
longitude  between  thofe  places  would  be  determined  :  But  the  difficulties 
attending  the  construction  of  fuch  an  inftrument  have  been  hitherto  found 
^00  great  to  be  overcome.  Indeed  the  ingenious  Mr.  Harrifon  has  removed, 
fome  of,  if  not  all,  the  capital  obftructions  ;  and  his  judicious  friends  fu- 
fpect  he  will  intirely  perfect  his  moft  elaborate  machine  :  He  has  received 

ome  gratuities  from  the  public  for  the  advances  he  has  already  made  to- 
|  wards  the  folution  of  this  intricate  problem  of  the  longitude ;  and  it  is 
iwifhed  he  may  merit  the  whole  reward  allotted  by  the  Government  for 
'the  difcoverer  of  this  fo  much  defired  acquifition  in  navigation. 

1 125.  Upon  the  whole,  it  appears  that  there  are  many  means  by  which  a 
>fhip's  place  may  be  found  at  fea,  nearly  exact  enough  for  navigating  her  to 
places  whofe  longitudes  are  almoft  as  incorrectly  known  as  the  fhip's  place; 
and  was  the  method  of  finding  the  longitude  at  fea  correctly  known, 
the  fhips  muft  then  keep  as  good  a  look  out  for  land  as  they  do  now, 
iand  alfo  keep  their  account  of  dead  reckoning :  Therefore  would  feamen 
put  in  practice  all  the  precepts  that  are  given  them  for  this  purpofe,  they 
imight  proceed  on  their  respective  voyages,  and  (which  is  fufpected  now 
to  be  the  cafe)  have  very  little  concern  ^bout  the  perfecting  the  difcovery 

I  of  the  longitude. 
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SECTION    X. 

1 126.  Of  a  Sea  Journal. 

A  Sea  journal  is  a  book  wherein  is  truly  entered  the  moft  re*  f 
markable  daily  occurrences  relating  to  the  fhip  during  her  voyage  out- 
ward  and  homeward. 

There  are  various  ways  of  keeping  fea  journals,  according  to  the  dif- 
ferent notions  of  mariners  concerning  what  articles  are  to  be  entered. 

Some  writers  direct  the  keeping  fuch  a  kind  of  journal,  which  is  only! 
an  abftract  of  each  day's  tranfactions,  fpecifying  the  weather,  what  (hips  ; 
or  lands  were  feen,  accidents  on  board,  the  latitude,  longitude,  meri- 
dional diftance,  courfe  and  run  :  Thefe  particulars  are  to  be  drawn  from 
the  fhip's  log-book,  or  that  kept  by  the  Perfon  himfelf,  for  moft  good  I 
mariners  keep  private  log-books. 

Other  authors  recommend  the  keeping  but  of  one  account,  including 
the  log-book  and  all  the  work  of  each  day,  with  the  deductions  drawn  - 
therefrom :  This  method  is  ufed  in  this  treatife,  on  account  of  repre- 
(enting  to  the  beginner  the  whole  of  each  day's  work  j    but  when  he  is 
well  verfed  in  this  method,  he  may  abridge  what  part  of  it  he  pleafes :  I 
Altho'  it  is  conceived,  that  a  journal  neatly  kept,  with  all  the  particulars 
or  the  work  commodioufly  ranged,  would  give  more  fatisfaction  to  thofe 
who  might  have  oecafion  afterwards  to  infpect  it,  than  a  journal  con-  || 
taining  the  heads  only,  and  all  the  intermediate  parts  fupprefled. 

The  method  here  chofe  to  introduce  the  young  mariner  into  this  mofl  1 
capital  part  of  navigation,  is,  by  (hewing  him  firft  how  to  work  a  few  if 
feparate  days  works  independent  one  of  the  other,  and  then  to  proceed  II 
to  a  continued  journal  of  feveral  fucceflive  days  works ;  for  the  doing  if 
of  which  it  was  judged  neceflary  to  premife  the  following  obfervations.    I 

1127.  I.  That  the  day  is  fuppofed  to  begin  at  noon,  and  the  day's  I 
work  relates  to  the  tranfactions  done  in  the  time  between  the  noon  of  <Ij 
one  day  and  the  noon  of  the  following  day. 

II.  If  there  is  an  obfervation  for  an  amplitude  or  an  azimuth ;  let  that  Ir 
amplitude  or  azimuth  be  worked  as  fhewn  between  art.  1 070,  and  1 076;  i- 
and  then  find  the  variation  as  fhewn  at  art,  1 077  $  taking  care  in  thefe  K 
operations  that  the  declination  of  the  day  be  fitted  to  the  proper  time, 
and  longitude,  as  fhewn  arts.  964,  965. 

III.  Correct  each  courfe  by  the  variation  thus  found,  as  at  art.  1078;  (ft 
alfo  correct  thefe  corrected  courfes  by  the  proper  allowance  for  leeway,  | 
as  fhewn  at  arts.  1  080,  1 08  1. 

IV.  Write  thefe  corrected  courfes  in  a  Traverfe  table,  fum  up  the 
knots  and  fathoms  belonging  to  thofe  hours  the  fhip  kept  on  the  fame 
courfe,  and  write  the  feveral  funis  as  diftances  in  the  Traverfe  table 
againft  their  refpective  courfes. 

V.  Complete  the  Traverfe  table  as  by  art.  695,  find  the  prefent  lati- 
tude and  longitude  as  fhewn  in  art.  786,  787,  and  the  following  exam- 
pies,  and  then  will  the  ihip's  place  be  obtained  by  dead  reckoning. 
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1 128*.  Example  I.  Auguji  25th,  1 753.  Yejlerday  noon  we  zvere  in  the 
latitude  of  46*  28'  N.,  longitude  22°  1 8'  fF.,  and  have  failed  till  this  day 
noon  as  by  the  kg- board,  the  tide  having  all  the  time  fct  S.  b.  E.  l\  miles  an 
hour :  Required  the  Jhip's  place,  and  the  direel  courfe  and  dijlance  made  good  f 
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The  courfes  and  winds  in  the  log-board  being  examinea,  it  appears 
that  the  fhip  goes  large,  and  has  no  leeway ;  therefore  the  feveral  cburfeff 
from  the  log-board  are  entered  in  theTraverfe  table  without  alteration. 

Next,  the  fathoms  and  knots  belonging  to  each  courfe  are  furtimed  up; 
ftnd  the  refults  are  put  in  the  column  of  diftances  in  the  Traverfe  table ; 
and  to  thefe  courfes  and  diftances  the  whole  difference  of  latitude  and 
departure  are  found.  (695) 

Then  the  prefent  lat.  is  found  by  art.  655  ;  the  co-mid.  lat.  by  758  j  thi 
prefent  long,  by  777  j  and  the  courfe  and  diftance  by  692. 

Or  by  Mercator's.  Having  found  the  prefent  lat.,  find  the  meridional 
iliff.  lat.  —  102  by  art.  765;  and  the  courfe  and  dift.  by  692. 

Then  the  diff.  long,  being  found  by  art.  778,  wall  be  2°  40^  differing 
yy  one  mije  from  that  found  by  middle  latitude. 
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1 1 29.  Example  II.  May  24,  1753.  Being  yejlerday  noon  in  the  lati- 
tude of  490  27'  JV.,  and  longitude  1  6°  02'  SK,  w»  have  failed  till  this  day 
noon,  as  by  the  log-hoard,  in  a  current  fetting  NW.  2-\  miles  an  hour :  Re- 
quired tbejhifs  place,  together  with  her  direSf  courfe  and  dijlance  failed? 
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As  each  Courfe  on  the  log- board  is  6  points  diftant  from  th«  wi 
therefore  one  point  leeway  is  allowed  to  each,  and  the  courfes  thus  mtm& 
re&ed  (art.  xo8i)  are  put  in  the  column  of  courfes  in  the  Traverfe  table ' iCu 

Then  the  Traverfe  table  is  completed  to  the  diftances  belonging  to  tW  L 
refpe&ive  courfes,  and  the  whole  diff.  lat.  is  found  to  be  47,7  miles  qL 
northing,  and  but  ^th  part  of  a  mile  of  departure ;  therefore  it  may  to 
concluded  that  the  fhip  would  have  got  to  her  prefent  place  by  a  courf 
due  north,  and  confequently  file  has  not  at  all  altered  her  longitude.  | 

Irt  thefe  two  examples,  and  the  following  ones,  it  was  not  though 
necefiary  to  take  any  mote  than  one  fractional  place  in  the  feveral  dil« 
rences  of  latitudes  and  departures,  althi/  the  Traverfe  table  gives  two  fuel 
places. 
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1 130.  Example  III.  June  27,  1753.  Being  yejlerday  noon  in  latitude 
25 °  30'  S.,  and  longitude  io°  15'  E.,  we  have  failed  till  this  day  noon,  as 
per  log-board,  in  a  current  jetting Jouth  2~  miles  an  hour,  the  variation  ii 
point  we/1 :  Required  the  Jhip's  place  ? 
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66 

S7A 

-JLkL 

D.  lac 

165,0 

64,0 

bT 

8,7' 

">M 

Dep. 

DiC  iat.         r=     20  45'  S. 

Dep.  Iat.        =  25    30  S.    Mer.  pts. 

Pref.  Iat.          =28     11;  S.     Mer.  pts. 

iS8j 

S^V.   j    Welt 

1768 

Sumlats.         : 
Mid.  Iat.         : 
Co-mid.  Iat.    z 

5         M.  diff.  la 
2 

-  T? 

=  53    4 

"  ™ 

t       185 

r  26    5 

r  63    oJ 

• 

2 

-;e.  b  s 

SW.b.S. 

4 

Dep.  long.      i<j    ii)  ij. 

DifF.  long.       —      r     02  K.     Or.  i°  mi& JL" 

Prei".  long.       : 

.,     .       --2 

c 

-11    17  E. 

4 

0   „^/  T? 

Diftance  is  1  74  miles. 

r 

5 

" 

The  Qfurfes  and  winds  in  the  log-board  being  examined,  it  appears  that  the 
I  fliip  is  clofe  hauled  on  each  tack,  and  one  point  leeway  being  allowed  ( 108 1 ) 
reduces  the  courfes  to  SW.  b.  S.,  S.  b.W.,  SE.,  and  take  a  courfe  for  the 
current  S. ;  thefe  feveral  courfes  being  corrected  by  art.  1078  for  the  va- 
riation 1  i  point  weft,  give  thofe  in  the  Traverfe  table  j  to  which  the 
whole  difference  of  latitude  and  departure  is  to  be  found  as  before. 

And  hence  the  prefent  latitude  and  longitude  may  be  found  either  by 
middle  latitude,  or  Mercator's  failing :  For  as  the  (hip  is  fonear  the  equa- 
tor, the  difference  will  be  almoft  infenfible. 

If  a  greater  accuracy  is  required,  which  is  very  rarely  wanted,  eipecially 

h  in  fuch  fmall  latitudes,  the  diff.  of  long,  may  be  found  to  each  courfe,  as 

fhewn  in  the  arts.  789,  790,  and  thence  the  whole  diff.  long,  may  be  col- 

I  le&ed  5  but  there  will  be  no-material  difference  gained  by  fuch  operation. 

Zzu  1 131. 


DAYS     WORK  S. 


1 131.  Example  IV.  Tejlerday  noon  we  were  in  lat.  I4°40'  JV.,  long.  57* 
25'  W. ;  we  have  failed  till  this  day  noon,  as  per  log-board,  in  a  current  fel- 
ting WSIV.  2  IV.  \  mile  an  hour  >  the  variation  was  N.  4  point  weft :  Re- 
quired the  Jhif  's  place,  and  her  courfe  anddijlance  to  the  IJland  of  Barbadoes? 


Log-board. 
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3 
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2 
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c 
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J 

Traverse  Table. 

Courfes 

Oif 

N. 

S. 

E. 

W. 

b5  W . 

21 

I  0,4 

8,0 

SW. 

^2 

30,8 

36%Jj 

s  b:wfw 

4.1 

39>z 

11,9' 

bE.  a.  6. 

44 

36,0 

24, s 

wsw. 

12 

4,5 

Ji.i 

0.  lat 

136,6 

24,  c 

67,8 

-     .. . 

24-? 

Dep 

4^,1 

Diff.  lat. 
Dep.  lat. 

Pref.  lat. 

Sum  lats. 
Mid.  lat. 
Co-mid.  lat. 

Dep.  long. 
Diff.  long. 

Pref.  long. 


=       2°i7'S. 

rd:      1 4   40  N. 


r=     j  2    2  3  N. 


=     27   03 

—  13    31 

—  76    29 


=     57    25 W. 
~       o    45  W. 


—     58    10  W. 


Here  the  (hip's  place  is  found  j  namely, 
in  lat.  12?  23'  N.,  and  longit.  58°  io'  W, 

Now  to  find  her  courfe  and  diftance  tq 
Barbadoes. 


Barbadoes's  lat. 
Prefent  lat. 

Diff.  lat. 

Sum  lats. 
Mid.  lat. 
Co-mid.  lat. 


13 
1 2 


N. 
N. 


P  37  N- 

25  23 

12  41 

77  19 


Barbadoes's  long.  =  5Q°5o;W. 
Prefent  long.       ==  58     10  W. 


Diff.  longit.         —      1     40=1001*1, 
The  departure  =    97,$ 

The  courfe  is  N   69°  15'W. 
The  diftance  104  miles. 


In  this  example,  the  manner  of  correcting  the  cpurfes  and  finding 
ihe  fhip's  place  is  the  fame  as  in  the  preceding  ones. 

But  the  courfe  and  diftance  fhe  has  ftill  to  go  to  arrive  at  her  port,  is 
found  by  the  Traverfe  tabie  according  to  the  directions  in  art.  769.  Of, 
when  the  latitudes  concerned  are  above  40%  the  operation  may  be  beft 
performed  by  the  directions  for  th,e  ufe  of  the  Traverfe  table  in  art.  779. 

1132 


DAYS     WORKS. 


54* 


1132.  Example  V.  Yejierday  noon  we  were  in  lat.  33"  40'  JV.?  long.xfr 

10'  W.,  the  fun  was  obferved  to  fet  500  1%' from  the  north  point  of  the  com- 

\paf$\  we  have  failed  till  this  day  noon,  as  per  log-board,  in  a  current  fetting 

\  IVSIV.  i-I  miles  an  hour  :  Required  the  Jhip's  place,  and  her  courfe  and  di- 

fiance  to  the  we/I  end  of  the  Ifland  of  Madeira,  June  \th,  1753  ? 


Log-board. 
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Traverse  Table, 

Courfe 

Dif. 

N. 

s. 

E. 

W. 

S.  oi°  E. 

40 

40,0 

'N7 

S.  10  W. 

70 

6$;q 

12,2 

S.  44  vv- 

"?8 

4'»7 

40,3 

s;  <J5  w. 

36 

20,f"> 

Zq.t; 

JL>.  lac. 

171. 2 

0,7 

82,0 

0,7 

Dep 

81,3 

Before  the  courfes  can  be  corrected  to  put 
in  the  Traverfe  table,  the  variation  of  the  com- 
pafs  muft  be  found  from  the  fun's  true  ampli- 
tude; which  may  be  found  by  art.  1070,  of 
by  working  the  proportion  in  art.  1071,  either 
by  logarithms  or  the  Gunter. 

June  4th,  1753,  the  declination  is  220  30'  N. 
Ascof.  33°40/  :  Rad  :  :  fin.  220  30'  ;  fin.  270  22'. 

So  that  the  true  amplitude         =     62°  38'  W. 
Mag.  amplitude       =     50    1 8 


Variation 


=     12    20  W. 


The  courfes  in  the  log-board  being  corrected 
by  this  variation  and  the  leeway,  will  give  the 
courfes  fitted  for  the  Traverfe  table. 


Deo.  lat. 
Diff.  lat. 
Pref  lat. 
Sum  lats. 
Mid.  lat. 
Co-mid.  lat, 
Dep.  long. 
Diff.  long. 
Pref.  long. 


=     33°  4°' N. 
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.20  w. 
36W. 

Madeira's  lat.  = 

Pref.  lat.  == 

Diff.  lat.  == 

Sum  lats.  — 

Mid.  lat,  ~ 

Co-mid.  lat.  r~~ 

Madeira's  long.  r= 

Pref.  long,  — 
Diff.  lone;. 


3*1 
30 


2.5' N. 
49  N. 


I 

36 

63 

31 

14 

37 

<;8 

23 

»7 
17 

21  W. 
56  W. 

M.P. 

2058 

us 


—     o    31;  W. 


The  courie  (770)  —  JN    17"  15'E. 
The  diftance         zz   10 1  miles. 


17  50VV*. 
In  the  work  for  the  amplitude,  the  lat.  at  fun-fet  was  taken  the  fame 
as  at  noon  ;  for  altho'  there  were  about  46  m.  of  fouthing  in  that  time, 
and  fo  the-lat.  at  fun-fet  was  about  320  54%  yet  the  amplitude  being  only 
about  15'  lefs,  the  alteration  in  variation  would  fcarcely  affed  the  diff. 
lat,  and  dep,  fqund  from  the  courfes  fo  corrected  I:i33' 
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1 133.  Example  VI.  Augufl  ^d,  1753.  Being  yeflerday  noon  in  lat.  19 
30'  S.,  long.  0°  10'  E. ;  this  foreman  we  obferved  the  funs  altitude  to  b 
io°. 40',  when  he  was -So0  30'  from  the  north  point  of  the  compafs;  we  hav. 
failed,  till  this  day  noon,  as  per  log-board,  in  a  current  fetting  by  the  compaj 
WNW.  ~  mile  mi  hour :  Required  the  /hip's  place,  with  her  direcl  court 
and  dijlance  to  the  IJhnd  of  St.  Helena  ? 
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Traverse  Table, 


Courfes 
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Uep. 


Before  the  courfes  can  be  corrected,  an  asi'i 
muth  muft  be  worked  as  in  arts.  1074,  1075. 


Decl. 


900 

17 

oo' 

27 

107 

8 

27 
50 

1 16 

*7 

98 

37 

90°  00' 

Lat.       iq    30 
Co-lat  70   30 

58°o8/=ffum 
49  ig^SWE' 


900  00 
Alt.  10  4P 
Co-alt.  79  2© 
Co-lat.  70  30 
d     =     8   50 


Then  by  the  Gunter,  the  extent  from  58°o8 
to  79°2o'on  the  fines,  will  reach  from  700  30 
to  fome  point  beyond  90°;  reft  one  foot  thener 
and  extend  the  other  to  490  19' ;  then  this  ex 
tent  will  reach  from  the  beginning  pf  the  verfec 
fines  to  the  verfed  fine  of  67 °,  the  azimutl 
fought,  as  the  latitude  is  fouth.  Hence  the  va 
nation  will  be  130  30' W. ;  with  which  th< 
courfes  in  the  log-board  are  to  be  corrected. . 


For  the  flip's  place. 


Dep.  lat. 

Diff  lat. 
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Mid.  lat. 
Co-raid.  lat. 
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Diff.  long. 
Pref.  long. 
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=      1    26 w. 


For  the  bearing  and  dijl.  of  Helena. 
St. Helena's  lat.  —  160  oo'S.  M.P.97; 
Pref.  lat.  —   17    25  S.        106 

Diff.  lat.  —     »    25  8 

Sum  lats.  —   33    25 

Mid.  lat.  =   16   42 


Co-mid.  lat.  =r  73 
St.  Helena's  Ion.  —  5 
Pref.  long.  rr     1 


18 


53  W. 
26  W. 


Diff.  long.         =s     4    27  =  267  m 
Courfe  N.  710  30' W.  (770 

Diftance  270  milesi 

Her 
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Here  the  azimuth  is  worked  with  yefterday's  lat, ;  but  had  it  been 
work'd  with  this  day's,  the  variation  would  have  been  12°  30',  the  diff. 
lat.  126  m.,  and  the  dep,  90  m. 

1 1 34.  In  the  following  Journal  are  introduced  almoft  all  the  circum- 
stances that  can  attend  a  day's  work  in  any  voyage  :  The  (hip  is  taken 
from  the  river  Tha?nesy  conducted  thro'  the  Downs,  down  the  Englijh 
channel^  and  from  thence  over  the  Ocean  till  {he  is  brought  within  fight 
of  the  port  ihe  is  bound  to,  which  is  Fonchal  in  the  ifland  of  Madeira, 
In  this  navigation,  care  has  been  taken  to  point  out  the  ufual  bufinefs 
done  in  like  circumftances  of  wind  and  weather ;  the  courfes  and  di- 
ftanoes  run  down  the  Channel  are  fuch  as  produce  the  bearings  and  di- 
fiances  of  the  places  mentioned,  and  'tis  not  unufual  for  many  veffels  to 
keep  a  track  not  very  different  from  what  is  here  afligned.  Indeed  the 
runs  inferted  in  the  log-boards,  after  the  fhip  has  taken  her  departure 
from  the  Lizard,  are  rather  fomewhat  greater  than  can  be  expecled  from 
any  veffel  in  like  weather  :  But  fuch  long  days  runs  were  ufed  to  fave  4 
or  5  days  works,  which  rauft  have  been  added  to  bring  the  (hip  to  her 
port,  had  the  ufual  runs  been  introduced.  Ali  the  aftronomical  obferva- 
tions  are  fitted  to  the  times  and  places ;  and  'tis  apprehended  that  the 
whole  is  conducted  in  fuch  a  manner  as  'tis  poflible  to  have  happened. 

To  the  obfervations  in  article  1127  it  may  be  proper  to  annex  the 
following  ones. 

1 1 35.  I.  That  as  each  day's  account  is  fettled  at  the  noon  ending 
that  day,  therefore  the  fun's  declination  of  the  day  following  is  ufed : 
Thus,  in  fetling  Sunday's  account,  the  declination  of  Monday  is  taken  5 
becaufe  the  latitude  by  obfervation  at  the  end  of  Sunday  is  the  fame  as  at 

\  the  beginning  of  Monday. 

II.  The  prefent  longitude  each  day  is  found  by  middle  latitude ;  but 
the  bearings  and  diftances  to  the  Lizard  and  Madeira  are  found  by  Mer- 
cator's  failing;  the  one  being  rather  preferable,  for  its  eafe  of  working, 
in  the  former  cafe,  the  other  in  the  latter. 

III.  As  the  greateft  trouble  in  ufing  the  Traverfe  table  is  the  finding 
therein  a  correfponding  difference  of  latitude  and  departure,  or  meridio- 
nal difference  of  latitude  and  difference  of  longitude,  nearly  equal  to  two 
given  numbers,  it  may  perhaps  be  found  moft  convenient,  as  the  Tra- 

1  verfe  table  to  the  points  of  the  compafs  at  art.  711  lies  in  two  openings 
or  folio's,  firft  to  find  the  neareft  correfponding  numbers  in  one  of  thole 
folio's,  marking  what  courfe  they  ftand  with,  and  then  to  turn  to  the 
degrees  neareft  that  courfe  in  the  large  Traverfe  table,  art.  7 1 2,  and  near 
that  place  the  given  numbers  will  be  found  more  accurate,  with  but 
little  trouble.  Thus  to  find  the  courfe  to  672  meridional  diff.  lat.  and 
353  diff.  long.  In  page  307,  the  neareft  numbers  67,03  and  35,82  ftand 
with  27  points,  or  about  28  deg.  Then  turning  to  28  deg.,  and  not 
finding  them  there,  turn  to  270,  and  the  numbers  67,26.  and  35,39  an- 
fwer  to  2 70  45'  courfe. 

In  moft  Journals,  the  week  days  ar,e  marked  by  the  planets  characters,* 
Thus  Sunday  is  ©,  Monday  »,  Tuefday  S,  Wednefday  g,  Thurf- 
tfay  Of,  Friday  ?s  Saturday  Jj,. 

1136.: 
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1 136.  A  JotJRNAL  of  a  voyage  in  the  year  1752-  In  the  Hope- 
wellof 'London,  from  England  towards  Madeira.  LticAs 
T&iMMER,Conwiander.  Keptby  Francis  Drake, Mate'. 


Winds. 


SSW. 


From 
SSW.  to 

NNW. 


W.  b.  s. 


W.  b.  s. 


SW. 


Variable 

from 
S.b.W. 

to 
Weft. 


Remarks  on  board. 


tf.  26th  September.    At  5  A.M.  the  pilot  came  on  board  j 
then  weigh'd  and  fail'd  from  Cherry-Garden. 

At  1 1  came  to  with  the  beft  bower  *  at  Blackwall. 


$  .  27th  September.  Frefh  gales  and  cloudy  weather  with  rain* 

At  5  A.  M.  weigh'd  and  fail'd  j  and  at  9  came  to  an  anchor  at 

Gravefend,  and  clear'd  {hip. 


%.  28th.  September.  At  4  P.  M.  weigh'd  and  fail'd,  moderate 
weather:  At  9  came  to  with  the  beft  bower  at  the  Nore  in  9^ 
fathoms  ^  frefh  gales :  At  4  A.  M.  weigh'd  and  fail'd. 

At  1 1  came  to  anchor  in  the  Downs  in  7  fath.  Deal-caftle 
bearing  W.  *  S.  diftant  3  miles. 


?  .  29th  September.  At  1  P.  M.  fent  the  pilot  afhore. 
Thefe  24  hours,  the  firft  and  middle  parts  moderate  and  fair* 
the  latter  part  ftrong  gales  and  cloudy. 


W.b.N. 


NW. 


1? .  30th  September.  Strong  gales  and  cloudy. 
At  2  P.  M.  veer'd  out  the  long  fervice  f  of  the  beft  bower  j 
g6t  top-gallant  yards  down. 
At  4  P.  M.  ftruck  yards  and  top-mafts. 
Thefe  24  hours,  had  very  hard  gales  of  wind. 


O.  1  ft  October.  Thefe  24  hours,  for  the  moft  part  frefh  gales* 
At  4  A.  M.  hove  up  beft  bower,  and  let  go  fmall  bower  *" 
At  9,  hove  up  fmall  bower,  and  let  go  beft  bower  again. 
People  employed  in  making  points  and  gafkets. 


J) .  2d  October.  At  6  P.  M.  ftrong  gales  with  heavy- rain. 
At  8,  veer'd  out  long  fervice,  and  let  go  the  fheet  anchor  *  under 
At  9  A.  M.  hove  up  fheet  anchor.  [foot.1 


$■.  3d  October.  Thefe  24  hours,  for  the  firft  and  middle 
parts  moderate  and  fair  j  the  latter  part  ftrong  gales. 


I 


NW. 


$ .  4th  October.  Thefe  24  hours,  frefh  gales  and'  fair. 
At  3  P.  M.  got  top-gallant  marts  down. 
At  10  A.  M.  got  yards  and  top-mafts  up1. 


*  Note,  It  is  cuftomary  in  moil  fhips  to  hare  three  kinds  of  anchors,  namely: 
The  fmall  bower,  ufed  to  fix  the  fhip  in  ±1111  water  and  calm  weather. 
The  beft  bower,  a  larger  anchor,  for  riding  in  rough  weather. 
The  meet  anchor,  or  largeft,  for  fixing  the  fhip  in  ftormy  weather. 
f  The  firft  30  fathoms  of  cable  next  the  anchor  is  catiz&Jkortferiicf ;  an*T' 
when  the  remaining  part  is  veered  out,  it  is'  called  ihf&figfffvjce*  J  our' 
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Winds 
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N.  b.  W. 


N.  f  W. 
N.  b.  E. 


Remarks  orl  board. 

if .  5th  October.  At  2  P.  M.  hove  fhort  and 
hoifted  in  the  long-boat. 

At  4,  weigh'd  and  fail'd  in  company  with  a 
20  gun  man  of  war  and  40  fail  of  merchant- 
men. 

At  6,  South-Foreland"  boreNNW.  dift.  4m* 

At  2  A.  M.  Fairlee  bore  N.  dift.  6  miles. 

At  6,  Beachy  bore  N.  b.  W.  6  miles. 

At  8,  Beachy  boreNE.  b.  E.  9  miles. 

Frefh  gales  and  clear.  Several  mips  ftanding 
up  Channel*  Clofe  reeft  both  top-fails. 

At  12,  Bembridge  point  bore  WNW.  27  m* 
Still  in  company  with  the  fleet. 


Log-board. 
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Winds 
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Remarks  on  board. 

? .  6th  October.  Frefh  gales  and  clear. 

At  4  P.  M.  parted  with  the  fleet,  they  being 
bound  to  Spithead.  Dunnofe  bearing  WNW* 
diftance  21  miles. 

At  5,  let  out  one  reef  of  each  top-fail. 

At  7  A.  M.  Portland  lights  bore  NN  W.  9  m* 

At  10  ditto  bore  NE.  12  miles* 

Fourteen  fail  in  fight. 


^NNE. 


Log-board. 
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Sb.WJW, 


Wb.NIW 


SW.  I  W. 
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Winds 


NNE. 
North 

NW.b.W 


Remarks  on  board. 
J? .  7th  October.  Cloudy  weather,  frefh  gales. 
At 4 P.M.  Start  bore  W.b.N.  dift.  12m. 
At  8       ditto        bore  E.  b.  N.  9  m. 

At4A.M.EdyftoneboreNE.b.E.iE.i2m. 
At  6,  got  up  both  top- gall  ant  mafts  and  yards. 
At  7t,  Lizard  bore  W.  b.  N. 
Several  fhips  ftanding  Up  Channel. 
At  noon  Lizard  bore  N.  b.W.  dift.  21  miles. 
For,  From  j\  h.  to  1 2  h.  is  \\  hours. 
47  hours,  at  5,4  miles  an  hour,  is  24  miles. 
Between  SW.^  W.  and  W.b.N.  is  \\  points. 
Between  SW.^-W.  andN.  b.W.  is 5-  points. 
The  other  angle  is  6  points. 
Then  6  pts. :  41  pts. ::  24m. :  21m.  (34.0) 
A  a  a  a  Journal 
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Remarks  on  board. 


Traverse  Table. 

Coorfes 

Dif. 

N. 

S. 

E. 

W. 

103,7 

103,7 

4'.j 

00.6 

S.  b.  E. 
SW.  |  w. 

21 

I40 

20,6 
94,0 

4>* 

D.  1 

114,6 

4»* 
Dep 

©.  8th  October.  Thefe  24  hours,  firft 
part  foggy,  the  latter  part  moderate  gales 
and  clear  weather. 

At  4  P.M.  fog  clear'd  up.  Shifted  the 
Channel  compafs,  where  the  variation  was 
allow'd  for,  and  put  another  into  the  bit- 
tacle. 

Lizard  bore  N.  \  E.  diltance  21  miles. 

Variation  ii  point  to  the  weft. 

Leeway  \  point. 

Unbent  our  cables  and  flowed  anchors. 

At  2  A.  M.  fet  top -gallant  fails. 

QHferved  fun's  merid.  zen.  dill.  =  54" 
Declination  =     6 


33'S, 
31  S. 


Lat.  per  obfervation 
Dep.  lat.  — 
PifF.  lat.  b 

Pref.  lat.  — 

Sum  Iats.  — 
Middle  lat.  — 
Dep.  long.  — 
Diff.  long.  — 
Pref.  long.  rr 
Lizard  bears 


=  48    02M 


N. 


49" 

1 

48 

97 
48 

5 

2 

7 
41' 


57' N. 
55  S. 
02  N. 

59 

59 

14  W. 
12  W. 
26  W. 
E. 


Diftance  152  miles. 


Here  the  lat.  by  account  agreeing  with  the  lat.  by  obfervation,  it 
judged  that  the  (hip's  place  is  truly  afcertained. 


Ship's  lat. 
Madeira's  lat. 
Diff.  lat. 
Or  924  miles. 
Ship's  Ion  git. 
Madeira's  long. 
Diff.  long. 


48« 
32 
«5 


02'  N.         Meridional   parts  = 

38    N.         Meridional   parts  ~ 

24  Merid.  difference  lat.    — 


3294,6 
2073,4 

1221. 


2  ,1 

—      9 


26  W. 
51  w 

2 


gg     565  miles. 


!" 


I/land  of  Madeira  bears  S.  240  45'  W.     Diitance  101 5  miles. 

Here  the  (hip  is  fuppofed  to  fail  from  the  Wizard ;  and  as  the  Lizar4 
bore  N-t  E.,  the  courfe  muft  be  on  the  oppofite  point,  which  is  S.  7W. 
and  this  courfe  corrected  by  the  variation,  as  at  art.  1078,  gives  S.  b.  E. 
alfo  the  other  courfe  WSW.  *  W.  being  corrected  both  for  the  variati 
and  leeway  (arts.  1078,  108 1),  the  Traverfe  table,  and  other  work  foi 
the  prefent  latitude  and  longitude,  is  performed  by  the  obfervations  i 
art.  1127. 

Then  the  bearing  and  diftance  to  Funchal  in  the  Ifland  of  Madeira  \% 
found,  as  in  art.  770,  working  by  the  Traverfe  table. 
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Remarks  on  board. 


D  .  9th  October.  Thefe  24  hours  fiilF  gales 
with  drizling  rain. ' 

Variation  i\  point  weft. 

At  4  P.  M.  fpoke  with  the  Charming  Molly 
bound  frOm  Carolina  to  London. 

At  8,  took  in  top-gallant  fails. 

At  4.  A.  M.  took  fingle  reef  in  each  T.  S.  * 

People  employ'd  in  making  points. 

Obierv'd  fun's  merid.  zen.  dift.  —  540  00/  S. 
Declination  =     6    54  S. 


Latit.  by  observation 


=  47    15 


J*. 


Traverse  Table. 


Courfes     Dif 


wswiw 


202 


N. 


s. 


w. 


iq;,5. 


Dep.  lat.  =  480  02' N.  or  laft  day's  lat, 
Diff.  lat.  33  o  59  S.  as  by  Trav.  tab. 
Pref.  lat.  =  47    03  N.  as  by  account. 

Here  the  lat.  by  obfervation  differs  12 
minutes  from  that  by  account. 


Therefore,  before  the  longitude  can  be  found,  the  dead  reckonihg 
muft  be  cone&ed  by  art.  11 13,  as  the  courfe  is  nearer  the  parallel  than 
the  meridian. 

Then  to  the  diff.  lat.  58,6  and  depart.  10,3,3,  the  dift.  is  205. 

And  to  the  dift.  205,  and  diff.  lat.  by  obferv.  47,  the  dep.  is  199,5* 

Dep.  long.  =  ]     70  26'  W. 

Diff.  long.  =r       4    50  W. 

Pref.  long.  ~     12    16  W, 


Now  Dep.  lat.  =  480  02'  N. 

Pref.  lat.byobf.  =r  47    15  N. 
Sum  lats.  =95    17 

Middle  lat.        =  47    38 

M.P. 
Lizard's  lat.  =  4g°57'N.  3470 
Ship's  lat.  =47    15  N.     3225 


DiiF.l 


at. 


=     2  42 


245 


Or         162  miles. 
Lizard's  long.     ~z     514  W. 
Ship's  long.         =  12    16  W. . 


Diff.  long.  =7    02  =  422m. 

Lizard  bears  N.  590  45AE. 


k- 


Diftance  324  miles. 


Madeira's  lat.     = 
Ship's  lat. 


-  47 


M.  P. 

38' N.     2073 
15  N.     3225 


Diff.  lat. 


F  H    37 


1152 


Or        877  miles. 
Madeira's  long.  —  16    51  W. 
Ship's  long.        =   12    16  W. 

Diff.  long.  r:     4   35  =27501. 

"Madeira  bears  S.  130  30'  W. 
Diftance  903  miles. 


*  Mariners  in  their  Journals  ufe  abbreviations  of  words ;  fuch  as  T.  S.  for 
top  fails,  B.  T.  S.  both  top  fails,  and  many  others. 
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Remarks  on  board. 


$.   J  Oth  October. 

Thefe  24  hours  hard  gales  and  clear  weather, 
At  6  P.  M.  clofe  reef 'd  the  top  fails. 
At  6  A.  M.  a  fail  ftanding  to  northward. ' 
At  noon  Cape  Finifterre  bore  N.  850  E.f  ' 

diftant  25  miles. 
Variation  1  \  W. 

Obferved fun's  mer.  ztn.dift.  500  33' S. 
Declination         7    1 6  S. 


Latitude  by  observation 
Dep.  lat. 


43    17  N- 
47    *5 


Traverse  Table. 

Courk 

Dif. 

N. 

S. 

E. 

91,? 

W. 

W 

240 

221,8 

Diff.  lat.  3    58=23801. 

Departed  lat.     =  470  15'  N. 
DifF.  lat.  —     3    42  S. 


Pref.  lat. 
Pref.  lat. 


=  43    33  N.  by  acct. 
rs  43    17  N.  by  obfer. 


Here  the  latitude  by  account  falls  fhprt  of  the  latitude  by  obfervation. 
Therefore  before  the  longitude  can  be  found,  the  account  of  departure 
muft  be  corrected  by  art,  j  1 1. 2,  as  the  courfe  is  only  two  points  from 
the;  meridian. 

Now  to  diff.  lat.  221,8  and  dep.  91,8,  the  courfe  is  SSE. 

To  courfe  SSE.  and  diff.  lat.  238,  the  correct  departure  is  99,5. 


^hen,  Sum  lats.  :=:  900  32' 

Middle  lat.  =45     16 

Co-middle  lat.    =  44    44 


Dep.   long.  —   1 2Q  1 6'  W. 

Diff.  long.  tz     2    23  E. 

Pref.  long.  2=     9    53  W, 


Lizard's  lat. 
Ship's  lat. 

Diff.  lat. 

Or 

Lizard's  long. 
Ship's  long. 


M.P. 

49°57'N.     3470 
43    17  2886 


=     6 


40 


584 


400  miles: 
50  14/  W. 
9    53  W. 


Madeira's  lat. 
Ship's  lat. 

Diff.  lat. 

Or 

Madeira's  Ion. 
Ship's  longit. 


M.P.' 

=  3  20  38' N.     2073 
—  43    17  2886 


==  10    39 


8.3 


639  miles. 
i6°5i'W. 
9   53 


Diff.  long.         rr     4    39  =  279  m.'  j  Diff.  longit.        z=     6     58  =  41810. 
Lizard  bears  N.  250  3b7  E.  |      Madeira  bears  S.  260  45'  W. 

Diftance  443  miles.  |      Diftance  7 1 5  miles. 
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Courfes      Winds 
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SW.  f  W. 
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i  point 

W^ 

i  point 

SSWfW. 
i  point 

NWbW|W 
i  point 


g.   nth  October. 

Thefe  24  hours  very  hard  gales  and  fqually 
with  rain. 

Top  fails  clofe  reeft. 

At  10  P.  M.  fpoke  with   the   PrincefT«i 
fnow  bound  for  London. 

Obferv.  the  fun  to  fet  66°  fromN.  weftward. 

Hence  find  the  true  amplitude,  (art.  1 072.) 

The  lat.  43°  17'  N.     Declin.  70  16' S. 
To  courfe  70  1 5'  and  dill.  100,  the  dep.  is  1 2,6s. 
Tocourfe  43°i5/andd.  lat. 12, 62,  the  dift.  isij. 
To  dift.  100  and  dep.  17,  the  courfe  is  io°. 
Therefore,  the  true  ampl.   is     N.  8o°  qo'  W. 
Mag.  ampl.  66   00 
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Lat.  by  obferyation 
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Mid.  lat. 

Dep.  long; 

Diff.  long. 

Pref.  long. 


Lizard's  lat.  =r 

Ship's  lat.  = 

Diff.  lat.  st 

Or  = 

Lizard's  long.  = 

Ship's  long.  Sz 

Diff.  long.  — 
Lizard  bears  N. 


43" 
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JN. 
S. 


=  41 

06  N. 

on  =  41 

zo  N. 

=  84 

37 

=  42 

18 

S3  W. 
14  W. 

=2  13 

07  w. 

M.P. 

49°57yN 
4-1    20  N 

347o 
2728 

8    37 
517  miles. 

50  1 4'  W 
13    07  W 

742 

7 
32c 


Diftance  614  miles. 


53V/.^473^. 
30'  E. 


Variation  14   00  W, 

Or,  allow  if  point  variation. 

Obf.  fun's  mer.  zen.  dift.  3=  48  °  59'  S.' 
Declination      zz    7    39  S. 

By  pbferv.  Latitude         =41    20N". 
Dep.  lat.         =43    17 

Diff.  lat.         =157 

Or  rs    1 17  in* 

Here  the  lat.  by  acct.  having  out- 
run the  lat.  by  obfer.  the  dep.  muft  be 
corrected  by  art.  1 1 14,  as  diff.  lat. 
and  dep,  are  nearly  equal. 

Then  to  d.  lat.  131,3  and  dep.  138,1,  the 
diftance  will  be  190. 

To  dift.  190  and  true  diff.  lat.  117,  find  the 
dep.  149,7. 
The  fum  of  both  dep.138,1  andi49,7 15287,?, 
The  half  fum  143,9  =  corrected  departure. 

M.F. 

35  32°  38'  N.    2073 
=  41    20  N.     2728 


625 


Madeira's  lat. 
Ship's  lat. 
DiffT  lat. 
Or 
Madeira's  Ion 
Ship's  long. 

Diff.  long.         s=     3    44^V".  ~  224. 
Madeira  bears  S.  190  W. 
Diftance  552  miles.  Journa 
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Traverse  Table 


Courfes 


NW.fW 
S.  I  E. 

rw.  b  s. 

N.b.  E. 
SW.  i  w 


N. 


22, 0 


33>6 


55>6 


35>8 
6,6 

37,6 


8o,o 
55»6 


E. 


3»5 
6,6 


IO,I 


D.  1.  24,4  Dep. [    94,7 


It.  1 2th  Odlober. 
Thefe  24  hours   hard   gales  and  cloudy 
weather,  accompanied  with  hard  rains. 
Handed  fore-top  fails. 
At  10  P.  M.  heard  a  gun  at  a  dift. 
At  2  A.  M.  faw  to  the  NNE.  f  E.  the  Ha 
of  a  gun,  and  after  56  beats  of  the  pulfe 
the  wrift  we  heard  the  found,  by  which 
judged  the  dift.  to  be  about  1 1  miles  ( 1 140) 
and  a  fhip  in  diftrefs.     Bore  away  to  fpe;  * 
with  her. 

At  6,  having  greatly  overrun  the  dift.  an< 
finding  nothing,  concluded  (he  was  gone 
down,    fo   hauled   our    wind, 
flood  to  the  SW. 
No  obfervation  this  day. 
Variation  1^  point  weft. 


W. 


29,7 
33-6 
4i.5 
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Depart.  Iat. 
Diff.  Iat. 
Pref.  Iat. 
Sum  lats. 
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Pref.  long. 
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- 
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M.P. 
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49* 
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N. 
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Madeira's  Iat. 
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56 
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01 
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~~* 
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Or 

~~ 
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miles. 

Lizard's  lqhg. 

•*— 

S° 

14' 

W. 

Madeira's  Ion. 

S5 

1 6° 

ci'W. 

1 

Ship's  long. 

= 

1.5 

13 

W. 

Ship's  long. 

= 

'5 

13   W, 

Diff.  long.        ==     959=  599  m. 
Lizard  bears  N.  370  45'  E. 
Drftance  685  miles. 


Diff.  long.         =     1    38  3= 
Madeira  bears  S.  90  oo'  W. 
Diftance  505  miles. 
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$ .  1 3th  October. 

Thefe  24  hours  variable  winds  and  hard 
gales,  with  cloudy  and  foggy  weather. 

Set  fore-top  fails. 

A  great  fea  fetting  to  the  northward,  for 
which  allow  half  a  mile  an  hour. 

At  6  P.  M.  handed  fore-top  fail. 

No  obfervation  to  day. 

Variation  l^  point  weft. 

Half  a  mile  an  hour,  or  12  miles  being  al- 
lowed for  the  fea  fetting  northward,  reduces 
the  diff.  lat.  58,7  to  46,7. 

Tried  the  log-line  and  glafs  ufed 
this  day,  and  find  only  454  feet  on  a 
mean  for  the  length  of  each  knot, 
and  28^-  feconds  for  the  run  of  the 

glafs. 

By  this  day's  dead  reckoning,  the 
(hip  has  run  S.  52°45'E.  dift.  77 
miles,  which  is  about  3,208  miles  an 
hour  on  a  direct  courfe. 

But  (by  art.  1062)  correcting  the 
run,  her  way  will  be  only  3,065 
miles  an  hour,  and  her  correct,  dift. 
will  be  73,6  miles. 

Now  the  diff.  lat.  46,7  and  dep.  61,5,  muft  be  leffened  proportionally 
with  the  dift.  Then  to  courfe  520  45',  and  dift.  73,6,  the  dift.  lat.  is 
$44,3,  and  the  departure  is  58,4. 
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Dep.  lat. 
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Sum  lats. 

Lizard's  lat. 
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Or  *= 
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;  Diff.  long 


40' 
o 


56' N. 

44   S. 


=   40 
=   81 


=  49° 
r=  40 


12  N. 

08 
M.P. 
57' N.     3470 
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.=     40 

=    *5 
1 


°34' 
13  w. 


9    45., 
581;  miles. 

5°  14'W. 
1 3    56  W. 


832 


m    8   42  =  522  m. 
Lizard  bears  N.  32®  15'*  E. 
Diftance  694  miles. 


Mid.  lat. 
Dep.  long. 
Diff.  long. 
Pref.  long. 

Madeira's  lat. 
Ship's  lat. 
Diff.  lat. 
Or 

Madeira's  Ion. 

Ships  long. 

Diff  long.         =     2    ^5  rr.175  m. 

Madeira  bears  S.  17*  15' W. 

Di&mce  475  miles.  Jourmi 


=   13  s^ 

320  38'  N. 
4.0    I  z  N. 

w. 

M.P. 

2073 
2638 

7    34 
454.  miles. 

ID°  Cl'W. 
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Remarks  on  board. 


Traverse  Tabled 

Courfes 

Dif 

202 

N 

S. 

E. 

W. 

S.  4-Q°  W. 

122,5 

■  I  t?2.s 

t?.  14th  October. 

Thefe  24  hours  hard,  but  fteady  gales  andt 
cloudy  weather.  . 

At  4  P.  M.  fet  fore-top  fails. 

At  8  A.  M.  obferved  the  fun's  zen.  dift.* 
to  be  S.  720  55'. 

At  10,  faw  the  furi  again,  its  bearing  wa* 
S.  250  15'E.j  zen.  dift.  S.  540  45'. 

Handed  both  top  fails  and  fore  fail,  and 
lay  to  under  main  faiL 

At  noon  made  fail. 

Set  fore  fail  and  both  reef 'd-top  fails. 

Now  having  two  zenith  diftancesi 
and  the  time  between  the  obfervatH 
ons,  the  latitude  (by  art.  1018)  will 
be  found  to  be  380  20'  N. 

Alfo  the  true  azi-  ") 
muth  at  the  fecond  Cn.  1420  45'  E.- 
obfervation,  is  J 

The  obferv'd  magnetical  azimuth,        is     N.  154    4-<;  E.- 
The  variation  is  1 2    00  V7. 


Dep.  lat* 
DifF.  lat. 

Pref.  lat.  by  account 
Lat.  by  obfervation 

Sum  lats. 
Mid.  lat. 

Dep.  long. 
DifF.  long. 
Pref.  long. 

Lat.  by  obfervation 
Departed  lat. 
DifF  lat. 
=  40"  1 2'  N. 

s     2  03  S. 


380  20'  N. 

40    12  N. 

52  —  r  12"  miles. 


1 


Here,  as  the  lat.  by  account  has 
out-run  the  true  lat.,  and  the  diff.lat.- 
and  dep.  are  nearly  equal,  the  dep* 
muft  be  corrected  by  art.  1 1 14. 

Tod.  lat.  122,5  and  dep.  152,5, thedift.  is  196^ 
Todift.  196  and  d.  lat.  112,  the  dep.  is  160,4, 
Then  the   fum  of  departures  is  5iz>9> 

The  half  furn  is  the  true  departure  s=  1 5  6,4. 
With  which,  and    co-middle    lat,,  find  diffe- 
17     18  W.  rence  of  longitude. 

Now  a  parallel  of  lat.  thro'  380  20'  in  the  variation  chart,  cats  the  va- 
riation line  of  120  in  the  longit.  of  170;  and  hence  I  judge  my  account 


*~* 

38 

38 

09  N. 
20  N. 

— 

78 

39 

32 
16 

= 

13 

3 

56  W. 

22  w. 

of  longitude  is  nearly  right. 

Liz.  lat.     s  490  57' N.    M.  P.  3470 

Ship's  lat.  —  38    20  N.  2494 


DifF.  lat.    =11    37  976 

Or  —  697  miles. 
Liz.  long.  —  50  14'  W. 
Ship's  Ion.  =  17  igW. 
DifF.  Ion.  =r   12    04  W.  —724  m. 

Lizard  bears  N.  370  30'  E. 

Diitance  880  miles. 


lat.    i  32" 
at  38 


Madeira's 
Ship's  lat. 
DifF.  lat.  — " 

Or'  f± 

Madeira's  long,  n 
Ship's  long.  33 
DifFi  long.  £s 

Madeira  bears  S 


38>  N. 
20  N. 


M.P* 

2073 
_249j 


Diftafiee  353  mile*. 


5    52 
352  miles. 
1 6*  51'  W. 
17    18  W. 

27 
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Remarks  on  board  % 


0.   15th  October. 

Thefe  24  hours  very  hard  gales  and  vari- 
able, with  clouds  and  rain. 

Variation  1 2  degrees  weft. 

Intending  next  day  to  take  an  obfervation 
of  the  moon's  culminating,  we  this  dayj 
before  and  after  noon,  took  equal  altitudes 
of  the  fun,  and  fet  a  good  fecond  watch  to 
the  true  noon. 

Obferv'd  fun's  merid.  zen  dift.  =:  440  44/  S. 
Declination  —     9    08  S. 


Traverse  Table. 

Courfes 

ts. 
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E. 
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S.   6°3o'E 
N89  15  E 
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S9.6 

83,7 
17,0 

6,8 
61,0 

42>7 
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0,8 

110,5 
7,8 

7>S 
Dep. 

164,5 

IC2.7 

Lat.  by  obfervation      =35    36  N« 


Dep.  lat. 
Diff.  lat. 

Pref.  lat. 
Sum  lats. 
Middle  lat. 
Dep.  long. 
DifF.  long. 


ss     38°  zo'-N. 
=       2    44    S. 


=  35  36  N- 

—  73  56 

=  36  58 

=  17  18  W. 

~  2  08  E. 


Pref.  long.       =     15    10  W. 


Here  the  lat.  as  by  account  agrees  with  the  lat.  by  obfervation. 
Therefore  the  diff.  long,  is  found  with  the  dep.  by  account. 


M.P. 

Lizard's  lat.       zr  490  57' N.     3470 
Ship's  lat.  =r  35    36  N.      2288 


Jiff.  lat. 


==   14    21 


1182 


Or  rr  861  miles; 

izard'slong.     ~     50  14' W. 
ip's  long.        —   1 5     10  W. 


iDiff.  long.         —     9    56  =  596m. 
Lizard  bears  N.  260  45 ;  E. 
Diftance  965  miles. 


M.P. 

Madeira's  lat.     =   32° .  38' N.     2073 
Ship's  lat.  -=z   35     36  N.      2288 


Diff.  lat. 


Or 


=     2    58 
r=   178  miles. 


Madeira's  Ion.  =    i6°5i'W. 
Ship's  longit,     =15    10  W. 

Diff.  longit.       —     1     41  =  101  m. 
Madeira  bears  S.  25°  W. 
Diftance  197  miles. 
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Remarks  on  board. 
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",D.  1 6th  October. 

Thefe  24  hours  ftiff  gales,  cloudy  and  va- 
riable winds.. 

Variation  1  point  weft. 

Out  ill:  and  2d  reef  of  both  top  fails. 

At  7  h.  15  m.  i\  f.  P.  M.  the  moon's  cen- 
tre parTed  the  meridian. 

At  8  A.  M.  Ifle  Porto  fanao  bore  SE., 
dift.  10  leagues;  And  Madeira  bore  SSW. 
lW.,  dift.  15  leagues. 

Obferved  fun's  mer.  zen.  dift.  420  20'  S. 

Declination  9    30  S. 


Traverse  Table. 
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Lat.  by  obfervation 
Depart,  lat. 

Diff.  lat. 

Or  166  miles. 
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50N. 
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As  45  min. 
Dep.  lat. 
Diff.  lat. 
Lat.  by  accoun 
Lat.  by  obfervation 
Sum  lats. 
Mid.  lat. 
Dep.  long. 
Diff.  long. 
Pref.  long. 


Lizard's  lat. 
Ship's  lat. 

Diff.  lat. 
Or 

Lizard's  long 
Ship's  long. 
Diff.  long. 


2  min.  24  fee.  : 
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By  my  Ephemeris,  the  moon  pafTed 
the  meridian  of  London  at  7  h.  13  m. 
P.  M.  which  is  2  m.  i\  f.  before  the 
obferved  time. 

Now  by  the  Ephemeris  the  moon's 
daily  diff.  is  45  min. 
Then  by  art.  1123, 
:  :  3600  :  160  18',  the  diff.  long. 

The  lat.  by  account  falling  lhort 
of  the  true  lat.  by  14  m.,  and  the  diff.! 
lat.  being  above  twice  the  dep.,  the 
correction  at  art.  1 1 12  is  to  be  ufed.j 

To  cliff",  lat.  151,8  and  dep.  56,  the  courfd 
is  aodeg.  30  min. :  Withaodeg.  30  min.  an< 
true  diff.  lat.  166,  the  true  dep.  is  62. 

With  which  find  the  diff'.  longitude. 

The  long,  by  acct.  nearly  agree; 
with  the  long,  found  by  obfervation  ! 

m.p; 

=  32°  38'  N.     207; 
=  32    50  N.     208$ 


—  11    04VV.— 664m. 
Lizard  bears  N.  250  30' E. 
Diilance  1 140  miles. 


Fonchal's  lat. 

Ship's  lat. 

Diff.  lat. 
Or 

Fonchal's   Ion 

Ship's  long. 

Diff.  long. 

Fonchal  bears  S.  65 
Diilance  29  miles. 


~  012 

rr  1  2  miles. 

=  i6°ci'W. 

—  16    18  W. 


=     o 


33  miles. 
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SECTION     XI. 

Of  the  furveying  of  Coafts  and  Harbours. 

From  what  has  been  already  faid  in  the  latter  fe$ions  of  Plane  failing, 

an  intelligent  reader  would  fee  how  the  bufinefs  of  taking  the  bearings 

i  of  part  of  a  coaft,  and  of  plotting  or  delineating  it,  might  be  done  :  But 

j  as  there  are  fome  particulars  which  can  be  gained  only  by  experience 

i  in  the  art  of  furveying,  it  will  not  be  improper  to  apprize  the  learner 

concerning  them,  and  thereby  qualify  him  to  go  more  readily  to  work. 

1 137.  To  take  the  draught  of  a  coafl  in  failing  along  it. 

ift.  Having  brought  the  {hip  to  a  convenient  place,  from  whence  the 
principal  points  of  the  coaft  or  bay  may  be  feen,  either  call:  anchor  if  'tis 
convenient,  or  lye  to  as  fteady  as  poflible  ;  or  if  the  coaft  is  too  fhoal,  let 
the  obfervations  and  meafures  be  done  in  a  boat :  Then  while  the  veflel 
is  in  a  ftationary  fituation,  take  with  the  azimuth  compafs  the  bearings 
of  fuch  points  of  the  coaft  as  form  the  moft  material  projections  or  hol- 
lows ;  write  down  thefe  bearings,  and  make  a  rough  fketch  of  the  ap- 
pearance of  the  coaft,  obferving  carefully  to  mark  the  points  whofe  bear- 
ings were  taken. 

2d.  Then  let  the  fliip  or  boat  run  in  a  direct  line  one,  two,  or  three 
miles,  more  or  lefs,  until  fhe  comes  into  a  fituation  from  whence  the 
fame  points  before  obferved  can  be  feen  again  ;  there  let  the  veflel  lye 
i;  fteady  as  at  the  foregoing  ftation,  and  again  obferve  the  refpeclive  bear- 
lings  of  the  fame  noted  points,  which  are  alio  tp  be  wrote  down,  and  a 
rough  fketch  of  the  coaft  fhould  alfo  be  taken  from  this  ftation  :  But  while 
the  veflel  is  running  the  bafe  line  from  ftation  to  ftation,  a  more  accurate 
drawing  of  the  appearance  of  the  coaft  fhould  be  made. 

3d.  To  map  thefe  ohfervations.  In  fome  convenient  part  of  a  meet  of 
rpaper  defcribe  a  circle  (the  larger  the  better),  on  which  lay  the  feveral 
bearings  taken  from  the  firft  ftation,  and  let  them  be  numbered  1,  2,  3, 
K&f.  on  the  outfide  of  the  circle  :  Alfo  lay  down  the  feveral  bearings  taken 
from  the  fecond  ftation,  let  thefe  be  numbered  1,  2,  3,  &c.  on  the  infide 
of  the  circle,  obferving  that  the  bearings  of  the  fame  points  are  num- 
bered with  the  fame  figures. 

4th.  Draw  a  line  to  exprefs  the  fhip's  run  both  in  length  and  courfe  ; 
and  from  that  end  of  the  line  expreffing  the  firft  ftation,  draw  lines  pa- 
rallel to  the  refpeclive  bearings  taken  from  that  end,  and  marked  on  the 
loutfide  of  the  circle :  Alfo  from  the  other  end,  draw  lines  parallel  to 
the  bearings  taken  at  that  end,  and  noted  on  the  infide  of  the  circle ; 
mark  the  interferon  of  each  pair  of  lines,  directed  to  the  fame  point, 
with  the  number  annexed  to  their  bearing ;  and  thro'  the  interferons  fo 
marked,  draw  by  hand  a  curved  line,  obferving  to  wave  the  line  in  and 
out,  as  near  as  can  be  like  the  trending  of  the  coaft  itfelf. 

Bbbb  2  5th.  A- 
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5th.  Againft  each  part,  draw  the  appearance  of  the  elevated  or  low 
ground  as  marked  in  the  fketches,  diftinguifhing  rocks,  cliffs,  high- 
land, low-land,  fand  hills,  &c.  If  there  are  any  currents  or  eddies,  ex- 
prefs  them  in  their  proper  places  by  darts,  the  points  being  turned  that 
way  the  curent  fets  :  Put  in  the  feveral  foundings  at  low  water  in  fmall 
figures,  diftinguifhing  whether  fathoms  or  feet;  fhew  the  time  of  high 
water  on  the  full  and  change  days  by  roman  figures,  and  tell  the  rife  in 
feet :  Put  in  a  compafs  corrected  by  the  variation,  with  £  fcale  of  miles 
or  leagues,  fuch  as  the  vefTel's  run  was  laid  down  by. 

6th.  If  there  is  a  fhoal  or  fand  on  the  coaft:,  let  it  be  taken  by  a  boat' 
failing  round  it,  and  keeping  an  account  of  the  courfes,  diftances  and 
foundings :.  But  to  put  it  in  the  draught,  the  boat  muft  from  fome  part 
of  the  fand  or  fhoal,  take  the  bearings  of  two  points  on  the  coaft,  whofe 
bearings  have  been  taken  from  the  fhip  :  Or,  the  bearing  of  the  boat  at 
fome  part  of  the  fhoal,  or  of  fome  beacon  in  that  place,  muft  be  taken 
by  the  fhip  at  the  ftations  where  fhe  takes  the  bearings  of  the  more ;  for 
by  either  of  thefe  means,  one  point  of  the  fand  being  obtained,  the  reft 
of  it  can  be  laid  down  from  the  boat's  account. 

7th.  If  the  coaft  to  be  drawn  is  a  bay  or  harbour,  winding  in  fuch  a 
manner  that  all  its  principal  points  cannot  be  feen  at  two  ftations,  let  as 
many  bafes  or  lines  be  run  and  exactly  meafured  as  may  be  found  ne- 
ceffary  ;  obferving  that  the  feveral  diftances  run  fhould  join  to  one  an- 
other in  the  nature  of  a  traverfe,  that  each  new  fet  of  objects  or  points 
pbferved,  mould  be  taken  from  two  ftations  at  the  ends  of  a  known 
diftance,  and  that  the  objecls,  whofe-  bearings  are  taken,  do  not  extend 
fo  much  beyond  the  limits  of  the  bafe,  as  to  make  angles  with  it  of  lefs 
than  about  |  or  §  of  a  point ;  but  rather  refevve  fuch  objecls  for  the  next 
meafured  bafe;  for  when  lines  lie  very  oblique  to  one  another,  their  in- 
terfeclion  is  not  eafily  afcertained. 

8th.  If  any  particular  parts  of  the  harbour  cannot  be  conveniently  I 
feen  from  cither  of  the  ftations,  take  the  boat  into  thofe  places,  and 
having  well  examined  them,  make  fketches  thereof,  eftimating  the  lengths 
and  breadths  of  the  feveral  inlets  either  by  the  rowing  or  failing  of  the 
boat,  taking  as  many  bearings,  foundings  and  other  notes,  as  may  bfe 
-thought  neceffaryj  then  annex  thefe  particular  views  in  their  proper 
places  in  the  general  draught. 

9th.  If  there  are  any  dangerous  fands  or  rocks,  befides  inferring  them 
in  their  proper  places,  there  fhould  be  a  double  line  drawn  thro'  that 
point  and  one  or  more  objecls  afhore  ;  and  for  this  purpofe,  chufe  a 
church,  mill,  houfe,  noted  tree,  a  cliff,  or  any  other  remarkable  thing 
that  can  be  diftinclly  feen  at  fea,  and  which  can  be  brought  to  bear  in 
the  fame  right  line  with  the  point  to  be  avoided:  But  if  that  point  is 
under  water,  there  muft  be  two  land  marks  brought  to  bear  with  the 
danger,'  either  in  the  fame  right  line  when  it  can  be,  or  in  two  lines ; 
and  that  thofe  land-marks  may  be  put  down  in  their  proper  places^  their 
bearings  muft  alfo  be  taken  from  two  of  the  fhip's  ftations. 

10th.  It 
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10th.  It  ftiould  be  remarked  in  the  draught  what  places,  if  any,  are 
unfit  for  anchorage,  and  what  are  fit,  by  writing  rocky  ground,  foul  an- 
chorage, good  anchorage ;  and  in  the  latter  to  draw  the  figure  of  an  an- 
chor :  Alfo,  if  there  is  any  particular  channel  more  convenient  to  fail 
thro'  than  another,  it  is  to  be  pointed  out  by  lines  drawn  to  its  entrance 
from  two  pr  more  noted  marks  afhore9 

The  foregoing  method  of  furveying  a  coaft,  fuppofes  in  general  that 

it  is  taken  by  a  fhip  in  her  paffing  along,  not  having  an  opportunity  of 

I  going  afhore :  But  when  the  circumftances  will  permit  the  meafures  and, 

'■  obfervations  to  be  made  on  land,  the  furvey  can  be  taken  more  accu? 

lately  than  on  the  water. 

1138.  To  furvey  a  harbour  by  obfervations  on  JhorP. 

1  ft.  Go  round  the  place  to  be  furveyed,  and  in  the  moll  remarkable 
points  and  bends  of  the  more  fix  ftation  ftaves,  or  ftrait  poles,  tall  enough 

I  to  be  feen  at  a  considerable  diftance ;  but  if  at  any  of  thofe  places  there 
is  a  noted  tree,  houfe,  or  any  other  remarkable  thing,  that  object  may 
ferve  inftead  of  a  ftation  ftaff;  and  it  will  be  convenient  to  black:  the 

i  ftaves,  and  tie  a  piece  of  white  bunting  to  the  top  of  each, 

2d.  .Chufe  a  fpot  of  level  ground,  on  which  meafurej  for  a  bafe,  a 
length  of  half  a  mile,  or  a  mile  if  convenient,  obferving  that  the  directs 
on  of  the  meafured  line  be  fo  laid  out,  that  from  both  ends  of  it  all  the 
ftation  ftaves  before  planted,  or  the  objects  before  remarked,  may  be  feen, 

3d.  From  one  end  of  the  bafe,  obferve  (with  any  inftrument  proper 
1  to  take  bearings)  the  pofitions  or  bearings  of  all  the  ftaves  or  objects,  and 
i|  write  them  down  orderly ;  do  the  fame  from  the  other  end  of  the  bafe. 

4th.  Then  thefe  meafures  being  plotted  or  laid  down,  will  give  the 

?  moft  confpicuous  points  of  the  fhore  j  the  intermediate  fpaces  are  to  be 

filled  up  from  the  fketch.es  of  them  made  on  the  fpot,  as  in  8th  of  art* 

5th.  But  if  any  of  thefe  obje&s  mould  fpread  on  either  hand  fo  far 

;  beyond  the  limits  of  the  bafe,  that  at  either  end  thereof,  the  other  end 

:  and  thofe  objects  or  ftaves  ftiould  appear  nearly  in  the  fame  direction,  or 

to  make  angles  not  exceeding  about  10  degrees;  then  it  will  be  proper 

to  chufe  another  level  place,  on  which  a  bafe  may  be  meafured  like  the 

I  former,  and  from  the  extremities  of  which,  the  ends  of  the  firft  bafe 

may  be  feen,  and  alfo  the  remaining  objects  or  ftaves  which  were  too 

oblique  for  the  firft  bafe  :  And  proceed  in  like  manner  to  a  3d,  4th,  &c. 

bafe  if  neceffary.     The  reft  like  the  directions  in  art.  1137. 

Sea  draughts  taken  according  to  thefe  precepts,  and  neatly  drawn,  be- 
fides  the  real  ufe  they  may  be  of,  can't  fail  to  recommend  the  young 
1  mariner,  who  furveys  and  conftructs  them,  to  the  notice  of  his  fupe- 
rjors. 

SECTION 
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S  EC  TION    XII. 

To  ejiimate  diftances. 

Befides  the  method  of  finding  the  diftances  of  remote  objects  by  trU 
gonometrical  computations,  there  are  two  other  means  which  may  be 
ufefully  applied  when  the  former  cannot  j  and  thefe  are,  the  motion  of 
founds  and  the  curvature  of  the  earth. 

1 1 39.  Of  the  motion  of  found. 

It  is  a  well  known  obfervation,  that  the  noife  or  found  arifing  from 
any  blow  or  mock  made  at  a  diftance,  is  always  heard  fome  time  after 
the  ftroke  is  feen,  or  known  to  be  given ;  and  hence  it  is  generally  con- 
cluded that  the  feeing  of  any  act  done  within  view  is  inftantaneous,  but 
that  found  travels  at  a  perceptible  rate. 

Some  of  the  moft  eminent  philofophers,  judging  that  the  knowledge  of 
the  flight  of  found  might  be  of  ufe  on  various  occafions,  have  been  at 
extraordinary  pains  and  expence  to  meafure  the  rate  at  which  it  moved, 
and  the  refult  of  their  experiments,  particularly  of  thofe  which  were  beft 
conducted,  are  as  follows. 

iff.  The  velocity  of  found  is  the  fame  whether,  by  fea  or  by  land,  in 
dry  or  in  rainy  weather,  by  day  or  by  night,  in  winter  or  fummer. 

2d.  That  found,  whether  more  or  lefs  ftrong,  flies  with  the  fame 
fwiftnefs :  For  by  experiments,  a  cannon  fired  with  a  half  pound  charge 
of  powder  was  heard  at  about  the  diftance  of  177  miles  in  the  fame  time 
after  the  flafh  was  feen,  as  when  fired  with  a  charge  of  6  lb. 

3d.  That  the  times  in  which  found  is  heard  is  proportional  to  the 
diftance ;  that  is,  at  a  double  diftance  it  is  heard  in  twice  the  time,  at 
a  triple  diftance  in  thrice  the  time,  &c. 

4th.  That  found  flies  quicker  or  flower,  by  juft  as  much  as  is  the 
velocity  of  the  wind,  according  as  it  is  with  or  againft  the  motion  of 
the  found. 

5th.  That  found  travels  at  the  rate  of  about  1142  feet,  or  380  yards 
in  one  fecond  of  time  ;  fo  that 

Sound  moves  in  1  fecond  1142  feet,  or  380  yards. 

in  1  minute  22840  yards,  or  about  13  miles. 

Which  is  about  a  mile  in  4,6  feconds,  or  about  a  league  in  14  feconds. 

But  fea  miles  are  to  land  miles,  nearly  as  7  to  6.  (9°P) 

Therefore  found  runs  a  fea  league  in  about  12  feconds  of  time. 

It  is  a  common  obfervation,  that  perfons  in  good  health  have  about 
75  pulfations  or  beats  of  the  artery  at  the  wrift  in  a  minute. 

1 140.  Therefore  in  75  pulfations,  found  flies  about  13  land  miles, 
and  about  iiy  fea  miles ;  which  is  about  1  land  mile  in  6  pulfes,  and 
about  1  fea  mile  in  near  7  pulfes,  or  a  league  in  20  pulfes. 

And  hence  the  diftance  of  objects  may  be  found  by  knowing  the 
time  which  found  takes  to  move  from  thofe  objects  to  an  obferver. 

Example. 


DAYS    WORKS.  559 

Example.  Upon  feeing  the  flajb  of  a  gun  at  fea,  I  counted  56  beats  of 
\the  pulfe  at  the  wriji  before  I  heard  the  report :  How  far  was  that  gUnfrom 
I  vie  ? 

Now  56  divided  by  20  gives  2,8  leagues,  or  about  8  miles. 

1 141.  Of  the  curvature  of  the  earth. 

Moft  perfons  know  that  if  they  are  raifed  above  the  furface  of  the  ad- 
jacent land  or  water,  they  can  not  only  fee  diftant  objects  that  lie  on 
jthat  furface  better,  but  alfo  fee  thofe  more  and  more  remote  as  they  ad- 
vance higher.  The  irregularity  of  the  furface  of  the  land  will  not  be 
jfubjected  to  any  one  rule  that  will  give  the  diftance  to  which  objects  may 
ibe  feen  at  different  elevations  ;\  but  at  fea,  where  there  is  generally  an 
[uniform  curvature  of  the  furface  of  the  water,  upon  the  fuppofition  of  the 
Ifpherical  figure  of  the  earth,  thofe  diftances  may  be  eafily  computed. 

1 142.  Let  (fee  fig.  12.  PI.  XL)  the  eye  at  e  be  raifed  the  height  es 
•above  the  furface  s  of  the  water  ;  then  will  it  fee  an  object  at  /  on  the 
'furface,  in  the  tangent  e/,  which  is  the  diftance  of  that  object  from  the 

eye. 

Now  in  the  triangle  e/c,  right  angled  at/,  there  are  known,  the  fide 
\cf=z  femidiameter  of  the  earth,  and  the  fide  ce  equal  to  the  femidia- 

meter  cs  increafed  by  se  the  height  of  the  eye  :  To  find  the  tangent  e/.' 


/C 


Then  by  art.  203.  e/  =  */  c£     —  cf   =  y/  cs  -f  se    —  cf    =3  •■ 

[4/  2  CS  -f  SEX  SE. 

That  is,  To  the  earth's  diameter  add  the  height  of  the  eye,  multiply  the 
\fum  by  that  height  5  then  the  fquare  root  of  the  product  is  the  diftance  at 
l  which  an  objecJ  on  the  furface  of  the  water  can  be  feen  by  an  eye  fo  elevated. 

And  by  this  rule  was  the  table  at  art.  1 145  computed,  the  diameter 
of  the  earth  being  taken  at  41 7981 17  feet,  according  to  Sir  Ifaac  New- 
I  ton's  meafures. 

This  table  may  be  ufefully  applied  to  eftimate  the  diftance  of  an  object 
at  fea,  the  elevation  of  that  object  above  its  horizon  being  known. 

Example  I.  Sailing  towards  a  headland  on  tvhich  is  a  lighthoufe  elevat- 
ed 600  feet  above  the  furface  of  the  water,  we  faw  the  lights  at  night 
jujl  appearing  in  the  horizon  :  How  far  were  we  at  that  time  difiant  from 
j  the  lighthoufe  ? 

Seek  in  the  table  at  article  1145  f°r  600  feet  in  the  column  figned 
height  in  feet,  and  right  againft  it  in  the  column  figned  .diftance  in  miles , 
iiands  29,994  j  fo  that  the  diftance  may  be  reckoned  about  30  miles. 

Example  II.  Being  in  company  with  fame  merchants  walking  on  a  fandy 
fhore  on  the  look  out  for  a  veffel  which  was  then  expecled,  ivhofe  top- gallant 

mafi  was  140  feet  above  the  furface ,  allowance  being  made  for  her  immer- 
fion  in  the  water ;  we  obferved  thro'  a  telefcope  a  Jhip's  vane  jujl  appearing 

in  the  horizon  :  How  far  off  is  that  Jhip,  fuppofmg  it  the  veffel  expecled  f 


Answer, 


: 
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Answer. -Againft  140  feet,  the  height*  ftands  14,4885  that  is*  hit 
diftance  is  about  14-1  miles. 

1 143.  Here  is  no  allowance  made  for  the  height  of  the  eye  above  the 
horizon ;  but  it  is  obvious,  that  the  higher  theJ  eye,  the  farther  it  can 
fee  t  Now  as  objects  are  feen  in  a  ftrait  line,  and  that  line  is  a  tangent 
to  the  earth's  furface;  therefore  it  follows,  that  to  find  the  diftance  bftwd 
elevated  objects  when*  the  right  line  joining  them  touches  the  furface  of  the 
earth  between  thofe  objeils ;  Seek  the  diftance  anfwering  to  each  height^  and 
their  fum  is  the  dijlance  fought. 

Thus  in  example  II.  fuppofe  the  eye  is  raifed  6  feet  above  the  water's 
edge,  it  can  fee  an  object:  on  the  furface  2,999,  or  3  mi^es  °ff  5  this 
diftance  added  to  the  14^  miles,  makes  the  diftance  of  the  (hip  to  be  17^ 
miles. 

Example  III.  A  man  being  on  the  main-top  gallant  maft  of  a  man  of 
war y  200  feet  above  the  water,  fees  a  100  gun  Jhip  Jhe  had  engaged  the  day 
before^  hull  to  :  How  far  were  thofe  [Jhips  diflant  ? 

A  fhip  of  100  guns,  or  a  firft  fate  man  of  waf,  is  about  60  feet  from 
the  keel  to  the  rails ;  from  which  deduct  about  20  feet  for  the  draught 
of  water,  leaves  40  feet  for  the  height  of  her  quarter  above  water :  Now1 
a  fhip  is  feen  hull  to,  when  her  upper-works  juft  difappear. 

Then  200  feet  high,  gives         17,316  miles. 

And  againft  40  feet  ftands  7i7*4  miles. 

Their  fum,  which  is  25,030  miles,  is  their  diftance^ 

1 144,  It  might  perhaps  hereafter  be  found  ufeful  to  mariners,  could  t 
lift  of  the  moll  confiderable  lighthoufes,  and  other  elevated  objects  in  1 
different  parts  of  the  world,  be  obtained ;   together  with  their  heights  1 
above  the  water  :  For  as  fome  of  thefe  objects  are  fo  high  as  to  be  feeri  1 
at  the  diftance  of  30  or  40  miles,  and  even  more  ;  and  as  their  diftances  1 
upon  being  firft  feen  could  be  near  enough  known  by  the  table  at  art.  1 1454  • 
were  their  heights  known  ;  therefore  fuch  a  lift  might  on  feveral  occafionS  1 
not  only  give  much  fatisfaction  to  a  feaman,  but  even  become  of  great 
ufe  to  know  his  diftance  from  thofe  objects,  as  he  could  thereby  knoW 
how  to  increafe  or  flacken  fail  in  order  to  fave  his  tide,  or  other  emer-* 
gency ;  alfo  he  would  know  better  how  to  lay  down  the  diftances  of 
rocks  or  flioals  that  lie  off  a  coaft,  &c.     But  as  fuch  a  lift  is  not  eafy  to 
be  come  at,  unlefs  flcilful  mariners  woul4  be  at  the  trouble  of  procuring 
fuch  as  occurred  to  them  in  their  voyages,  and  on  their  return  com- 
municate them  to  fome  public  body  ;  therefore  the  curious  in  thofe  mat- 
ters muft  be  contented  at  prefent  with  what  is  here  already  faid. 


Art,  1 14$. 
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Art.  1 145.  A  Table  for  finding  the  diftance  of  obferved  terrejirial 

objetts  at  fea. 


Height 

Did.  in 

Height 

Dift.  in 

Height 

Dift.  in 

Height 

Dift.  in 

Height 

Dift.  in] 

in  feet 

1 

miles 
1,224 

in  feet 

53 

miles 
8,9H 

in  feet 

miles 
18,969 

in  feet 

miles 

in  feet 
4250 

miles 

240 

760 

33.756 

58,083 

4 

*,732 

56 

9,163 

245 

19,165 

780 

34**97 

2300 

58,725 

3 

2,121 

59 

9.405 

450 

19,360 

800 

34.633 

235° 

59,360 

4 

2,449 

62 

9,641 

*55 

'9>5S3 

820 

35.o63 

2400 

59,988 

S 

_»j7j8 

65 

9-872 

260 

'9,743 

840 

35,488 

— it— 

60,609 

6 

2,999 

68 

10,097 

265 

*9>932 

860 

35,9o8 

2500 

61,225 

'      7 

3*2-39 

7* 

10,317 

470 

40,119 

880 

36,323 

*55° 

61,834 

8 

3.463 

74 

*°.533 

275 

20,305 

900 

36,734 

2600 

62,437 

9 

3.673 

77 

*°»745 

480 

20,489 

920 

37»Ho 

2650 

63,015 

ro 

Ji!Zi 

80 

*o,95* 

285 

20,671 

940 

37, 54* 

4700 

63,626 

XI 

4,061 

83 

11,156 

290 

40,851 

960 

37,938 

2750 

64,213 

12 

4,m 

86 

»*»3S5 

295 

21,030 

980 

38,332 

2800 

64,794 

*3 

4.415 

89 

**,552 

303 

2r,2o8 

1 000 

38,7*1 

*85o 

65,37.o 

*4 

4,581 

92 

r*,745 

310 

21,558 

1030 

39,297 

4900 

65,941 

15 

4,742 

95 

",93  .j 

320   _ 

*»»9gl 

1060 

39,866 

_*£5o_ 

66,507 

16 

4,898 

98 

12,121 

330 

22,243 

1090 

40,426 

3000 

67,068   r 

*7 

5,048 

101 

12,306 

340 

22,578 

1120 

40,978 

3050 

67,625 

18 

5.*95 

104 

12,487 

350 

23,907 

H5° 

41,5*4 

3ico 

68,177 

*9 

5.338 

107 

12,666 

360 

23,232 

*i.8o 

42,062 

3*50 

68,745 

20 

21 

5.476 
5, 61 1 

1 10 
*~ 

12,842 
13,016 

370 
380 

a3,S53 
43,869 

12 10. 

42,593 

3200 

69,268 

69,807 

1240 

43.I*8 

3.250 

1 

'     22 

5.743 

116 

13,188 

390 

14, 18 1 

1470 

43,636 

3300 

70,34* 

a3 

5.87a 

"9 

13,357 

400 

24,489 

IJOO 

44**49 

3350 

70*873 

*4 

5.999 

12* 

I3»S*5 

410 

24,793 

1330 

44.955 

45,*  56 

3400 

71,400 

»S_ 

6,124 

"»*?_._• 

Ild?il 

420 

25,094 

1360 

3450 

7*,9*3  > 

26 

6,443 

12S 

13.853 

430 

25.39I 

*39°r 

45.65* 

3500 

7*,443 

*7 

6,362 

*3« 

14,0 « 5 

440 

45,684 

1420 

46,141 

3550 

72,958 

28 

6.479 

134 

54**74 

4>o 

25.974 

1450 

46,629 

3600 

73.470 

29 

6,^94 

»37 

14,312 

460 

46,161 

1480 

47,io6 

3650 

73*979 

30 
3* 

6,709 
6,817 

140 
*43~" 

14,488 
'4.642 

480 

2JM45 
26,826 

1510 

47,58i 

3700 

74,484 
74,985 

1540 

48,052 

375°  ' 

3* 

6,948 

146 

"4,795 

490 

27,104 

1570 

48,517 

3800 

75,484 

33 

7.034 

150 

14,995 

500   - 

27.379 

1600 

48,979 

3850 

75.979 

H 

7,140 

155 

*  5,244 

5*° 

27,652 

1630 

49,436 

3900 

76,47* 

35 

7.244 

160 
~6i~ 

1 -,488 
15,748 

520 

530 

27,922 
28,189 

1660 
1690 

49,889 

395o 
4000 

76,959 

36- 

7.347 

50,338 

77,445 

37 

7.448 

170 

15,96; 

540 

2?,454 

1720 

50,782 

4050 

77,927 

38 

7.548 

*75 

16,198 

S:o 

28,716 

1750 

51,223 

4100 

78,407 

39 

7.647 

180 

16,427 

560 

28,976 

1780 

51,661 

4150 

78,884 

[ 

40 

7,744 

.'85 
190 

16,654 
16,878 

570 
580 

29,489 

1810 
1840 

5*,°94 
5*.  524 

4200 

79,358, 
79,829 

4i 

7,840 

4250 

42 

7.93S 

195 

17,098 

590 

29,742 

1870 

5».95* 

4300 

80,297 

43 

8,029 

200 

17,316 

600 

29,994 

1900 

53.374 

4350 

80,764 

44 

8,122 

ZOjf 

17.531 

620 

30,489 

1930 

5. ',793 

4400 

81,245 

45 

8,214 

210 

iZiltt 

6+0 

30,976 

i960 

54,210 

445° 

81,685 

46 

8,305 

215 

J7,955 

~66o_ ' 

3*.457 

2000 

54,76* 

4500 

82,143 

47 

8,394 

220 

18,16- 

680 

3i,930 

2050 

55,44* 

4550 

82,598 

48 

8,483 

225 

18,366 

700 

I  32,396 

2100 

56,113 

4600 

83,051 

49 

8,57= 

130 

18,569 

720 

32,855 

2150 

56,777 

4650 

83,50* 

5o 

8,658 

*3S 

18,770 

740 

J  33,309 

1    2200 

57,434 

4700 

83,949 

Cccc 
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ifa 


Remarks  on  the  life  of  the  following  tables* 


t\&Jb.  Thofe  who  require  no  greater  accuracy  in  the  operations  than 
to  afiign  the  diftances  or  lengths  of  lines  in  whole  miles  or  leagues,  andl 
the  angles  of  triangles  in  points  and  quarter-points,  may  be  accommo- 
dated in  the  firft  page  only  of  the  following  logarithmic  tables  ;  where-, 
in  are  two  which  will  fufficiently  anfwer  their  purpofe.  Indeed  it  is  beft( 
to  ufe  the  fecond  of  thefe  tables,  whenever  the  angle  is  given  in  points 
and  quarters  ;  for  the  quarter-points,  containing  degrees  minutes  and 
feconds,  cannot  be  accurately  found  among  the  common  tables  of  fines, 
tangents  and,  fecants  j  and  therefore  was  the  table  at  article  1150  added, 
wherein  the  log.  fines,  tangents  and  fecants  agree,  even  to  the  feconds 
in  the  quarter  points. 


1 147.  In  the  table  of  the  logarithms  of  numbers,  article  1151,  the 
indices  are  omitted,  becaufe  the  logarithms  ferve  as  well  for  fractional 
numbers  as  for  integers,  as  fhewn  in  article  84 ;  and  the  index  is  eafily 
annexed  in  their  ufe  by  the  rule  at  article  82,  observing  that  when  whole 
numbers  are  ufed,  the  index  of  the  logarithm  is  always  one  lefs  than  the 
number  of  places  in  that  whole  number  ;  and  that  the  index  of  a  loga- 
rithm increafed  by  one,  gives  the  integer  places  in  the  correfponding 
number :  So  that  when  thefe  tables  are  ufed,  the  operator  muft  be  care- 
ful always  to  annex  the  index. 


1148.  In  the  table,  article  1152,  there  are  no  fecants  added,  becaufe 
they  are  not  ufed  in  any  part  of  this  work ;  but  thofe  who  are  defirous 
to  compute  by  them,  may  eafily  fupply  this  want,  by  taking  the  arith-; 
metical  complements  (by  article  88)  of  the  cofines  to  the  degrees  and 
minutes  for  which  the  fecant  is  required :  The  logarithmic  fecants  and, 
cofines  of  the  fame  arcs  being  the  arithmetical  complements  of  one 
another,  as  (hewn  in  article  367. 
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Articles  1149,  Il5°»  "S1?  1152. 

LOGARITHMIC   TABLES. 

I.  The  Logarithms   of  Numbers  from  t  to 

1 20. 

II.  The  Logarithmic  Sines,  Tangents  and 
Secants,  to  every  Point  and  Quarter-5 
Point  of  the;  Compass, 

tIL  The  Logarithms  of  Numbers  from  ioo 

tO    IOOOO* 

IV,  The  Logarithms  of  the  Sines  and  Tan- 
gents to  every  Degree  and  Minute  of 
the  Quadrant, 


5^4 

LOGARITHMIC    TABLES. 

H49"                    A      TABLE 

Of  Numbers  and  their  Logarithms  from  i  to  1 20. 

X 

Log. 

N. 
ax 

Log. 

N. 
4* 

Log. 

61 

Log. 

N. 
81 

Log. 

N. 
101 

Log. 

OjOCOOO 

»,3**« 

1,61278 

1,78533 

1,90848 

2,004.32 

* 

0,30103 

22 

«,34H» 

42 

1,62315 

62 

1,79*39 

8* 

1,91381 

102 

2,00860 

1 

0,4771a 

*3 

x.3«'73 

43 

*,$3347 

03 

1, 79934 

H 

1,91908 

103 

2,01184 

4 

0,60206 

24 

1,38021 

44 

1,64345 

64 

1,80618 

84 

1,92428 

IC4 

2,01703 

5 

6 

0,69897 
0,778 1 J 

26 

*»39794 

45 

1,65321 

05 
66 

1,81291 

*5 

1,9294* 

105 
106 

2,02119 

*>  4*497 

46 

1,66*76 

1,81954 

86 

*,9S45o 

2,02531 

7 

0.84510 

*7 

1,43136 

47 

1,67210 

t>7 

1,81607 

87 

V9.395* 

I07 

2,02938 

S 

0,90309 

28 

i,447*6 

48 

1,68124 

68 

1,83251 

88 

1,94448 

108 

2,03342 

9 

0,95424 

*9 

1,46240 

49 

1,69020 

69 

1,83885 

89 

1,94939 

ico 

*.°3743 

to 
11 

I,COOOO 

3° 

i,477»* 

5o 

1,69897 

7Q 
7* 

1,84510 

90 
9* 

*.954H 

no 
III 

2,04139 

J>o*«39 

3* 

1,49136 

5* 

1,70757 

1,85126 

1,95904 

2,0453* 

1% 

1,07918 

32 

*»5°S»5 

5* 

1,71600 

7* 

',8,733 

92 

i,96t79 

112 

2,04922 

*3 

r,H394 

33 

*>5*85* 

5i 

1,72428 

73 

1,86332 

93 

1,96848 

113 

2,05308 

14 

1,14613 

34 

*.S3*48 

54 

»»73l39 

74 

1,86923 

94 

*>973'3 

114 

2,05690 

IS 

1,17609 
I, 2041a 

35 
"7 

*»544°7 

55 

56 

4,74036 

75 

1,87506 

95 

1,9777* 
1,98227 

**5 
116 

2,06070 

1,55630 

1,74819 

76 

1,88081 

96 

1,06446 

17 

1,23045 

37 

1,56820 

57 

*>75587 

3 

1,88649 

97 

1,98677 

1*7 

2,06819 

18 

M5527 

3* 

J.S7978 

5« 

»»7$343 

1,89209 

98 

1,991*3 

118 

2,07188 

19 

1,27875 

39 

1,59106 

59 

*,77o85     79 
1,77815    80 

1,89763 

99 

1,99563 

119 

J.°7555 

ao 

1,30103 

40 

1,607,06 

60 

1,90309    100 

2,00000 

120 

2,07918 

1150.  AT    A    B    L    E 

Of  Logarithmic  Sines,  Tangents  and  Secants,  to  every  Quarter  point 

€f  the  €ompafs. 


Pts. 

0 

°i 

ok 
of 

1 

*i 

If 

2 

H 
*i 
H 

3 

31 
3i 
3l 

4 

Sines 

Co -fines 

Tangents 

Co-tang. 

Secants 

Co-fecant; 

8 

7i 
7l 
7l 

6f 
6f 
6| 

6 

I 

U 

u 

4f 

4 

Pts. 

OjOOOOO 

8,69079 
8^99130 
9.14652 

10,00000 

9.99947 
9,99790 

9.99527 

6,00000 
8,69131 
8,99340 
9,17124 

Infinite 
11,30867 
1 1  ,ot>66o 
10,82675 

10,00000 
10,00053 
10,00210 
10,00473 

Infinite 

11,30921 
11,00870 
10,85348 

9,29024 

9.38557 
9,46282 

9»52749 

9.99*57 
9,98678 

9,98088 
9.97384 

9,29866 
9,39878 
9,48194 
9.55365 

10,70134 
10,60121 
10,51806 
10,44635 

10,00843 
10,01322 
10,01912 
10,02616 

10,70976 
10,61443 
10,53717 
10,47251 

9,58284 
9,63099 

9'67339 
9.7**04 

9.96562 
9,95616 
9.94543 
9'93335 

9,91985 
9,90483 
9,88819 
9,86979 
9,84948 

9,61722 
9,67482 
9,72796 
9,77770 

10,38278 
10,32518 
10,27204 
10,22230 

10,05438 
10,04384 
10,05457 
10,06665 

10,41716 
10,36901 
10,32661 
10,28896 

9.74474 

9.775°3 

9,80236' 

9,82708 

9,8494$ 

9,82489 
9,87020 
9,91417 

9.95729 
10,00000 

10,17511 

10,12980 
10,08583 
10,04270 
10,00000 

10,08015 
10,09517 
10,11 181 
10,13021 
10,15052 

10,25526 
10,22497 
10,19764 
10,17292 
10,15052 

Co-finf  ? 

Sines 

Co- tang. 

Tangents 

Cq-fecants 

Secants 

*Table  of  Logarithms,-   1151.'  5% 

Numbers  from  100  to  1600.    Logs,  from  ,00000  to  ,20412. 


N°  j    0 

■  1 

2 

3 

4 

5 

6 

_ ;  7 

8 

,9 

100  Kcoooo 

,00043 

,00087 

,00130 

,00173 

,00217 

,00261' 

,00303 

00346 

,00389 

IOI 

,00432 

,00475 

,00518 

^0561 

,00604 

,00647 

,00689 

,00731 

,00775 

,0  817 

202 

,00860 

,00903 

,00945 

,009,88 

,OlGJO 

,01072 

,01115 

,01157 

,01199 

,01242 

IO3 

,01284 

,01326 

,01368 

,01410 

,01452 

,01494 

,01536 

,01578 

,01620 

,oi6at 

IO4. 

,01703 

»oi74S 

,01787 

,01828 

,01870 

,01912 

>oi953 

,01995 

,02036 

,102077 

IOS 

,02119 

,C2l6o 

,02202 

,02243 

,02284 

,02325 

,^2366 

,01407 

,02449 

,02490 

zoS 

,02531 

,02571 

,02612 

,0*653 

,02694 

,02735 

,04776 

,02816 

,02857 

,02898 

,  107 

,02938 

,02979 

.03019 

,03060 

,03ICO 

,03141 

,03181 

,03222 

,03262 

,03301 

log 

,03341 

>°3383 

,03423 

,03463 

,03503 

,03543 

,03583 

,03623 

,03663 

,03703 

109 

■"3743 

,03782 

,0382a 

,03861 

,03902 

,03941 

,03981 

,04021 

,04060 

,04100 

310 

,04139 

,04179 

,042 1 8 

,04157 

,04297 

,04336 

,04375 

,04415 

,04454 

,04493 

lit 

,04531 

.0457 * 

,04610 

,04649 

,04688 

,04727 

,04766 

,04805 

,04844 

,04883 

Hi 

,04922 

,04961 

,04999 

,05038 

,05077 

,05115 

,°5i54 

,05-192 

,05231 

,05169 

1-13- 

,05308 

.05346 

.05385 

,05423 

,05461 

,05500 

,05538 

,05576 

,05614 

>°565> 

114 

,05690 

,05729 

,05767 

,05805 

,05843 

,05880 

,059.8 

,05956 

,05994 

,06032 

US 

,^6070 

,06108 

,06145 

,06183 

,o622I 

,06258 

,06296 

,06333 

,06371 

,06408 

lib 

,06446 

,06483 

,06521 

,06558 

,06595 

,06633 

,06670 

,06707 

,06744 

,06781 

117 

,06819 

,06856 

,06893 

,06930 

,06967- 

,07004 

,07041 

,07078 

,07.14 

,07151 

•  11S 

,0718* 

,07225 

,07262 

,07298 

>o7335 

,0737* 

,07408 

,07445 

,07481 

,0751s 

lii. 

>°755_S 

»o759i 

,07628 

,07664 

»°775 

,07737' 

•>°7773_ 

,07809 

,37846 

,07882 

izo 

,07918 

.07954 

,07990 

^8027 

,c8c63 

,08099 

,08134 

,08171 

,08207 

,08243 

121 

,08278 

,08314 

,08350 

,08386 

,08422 

,08458 

,08493 

,08529 

.0*565 

,c86oo 

J»a 

,08636 

,08672 

,08707 

,08743 

,08778, 

,08814 

,08849 

,08884 

,08920 

,08955 

J23 

,08990 

,09026 

,09061 

,09096 

,09131 

,0916.7 

,09202 

,09*37 
,09587 

,09272 

,09307 

124 

»°934* 

.09377 

,09412 

,09447 

,09482 

,09517 

»°95S* 

,09611 

,09656 

*as 

,09691 

-,09726 

,09760 

,09795 

,09830 

,09864 

,09899 

-»o9933 

',09968 

,IOC0J 

I16 

,10037 

,10071 

,10106 

,10140 

,10175 

,10209 

,10143 

,10878 

,10312 

,10346 

**7 

,10380 

,10414 

,10449 

,10483 

,10517 

,10-51 

,'10585 

,10619 

,10653 

,10687 

I28 

,10721 

.10755 

,10789 

,10823 

,10856 

,10890 

,199*4 

,'9958, 

,10992 

,11025 

;*9 
130 

>ji059 
»»»394 

,11093 

,11126 

,11160 

,11528 

,11127 

,11260 

,H2g4~ 

,"327 

,11361 

,11428 

,{1461 

,"494 

,11561 

,11594 

,11628 

,11661 

,11694 

>   131 

,11727 

,11760 

.-"•793 

,11816. 

♦X.1&59 

,10893 

,^1916. 

~,U959- 

Trt*99» 

Tiaoz4 

131 

,1*057 

,12090 

,12123 

,12156 

,12189 

,12222 

,11254 

,1*287 

,12320 

,12352 

*33 

,12385 

,12418 

,12450 

,12483 

,12516 

,12548 

,12581 

,12613 

,12646 

,12678 

>34 

,12710 

.1*743 

."775 

,12808 

,12840 

,12872 

,12904 

,'2937 

,12969 

,13001 

MS 

»I3033 

,13065 

,13098 

,i3'3o 

,13162 

,13*94 

,13226 

,13*58 

,13290 

,13322 

!    136 

.'3354 

,13386 

,13418 

,'345o 

,13481 

,13513 

*i3545 

,13577 

,13609 

,13640 

»37 

,13672 

,13704 

,13735 

,I3767 

,13799 

,13830 

,13862 

,13893 

,'39*5 

,13956 

138 

,'3988 

,14019 

,14051 

,14082 

,14114 

,14145 

,14176 

,14208 

,14239 

,14270 

i39_ 

1     240 

,14301 

.14333 

,14364 

,14395 

,144*6 

,14737 

,T4457 

,14768 

,14488 
,14798 

,i45*o 

,14551 

,1458* 

,14613 

,14644 

.14675 

,14706 

,14829 

,14860 

,14891 

141 

,14922 

,H953 

,14983 

,i5dl4 

,I5045 

,15076 

,15106 

,15137 

,15168 

,15198 

141 

,15229 

,15*59 

,15:90 

,15340 

»»535X 

,15381 

,15412 

,1544* 

,15473- 

ylS5°'i 

143 

,15534 

,15564 

.15594 

,15625 

>15655 

,15685 

,15715 

,'5746 

,i5776 

,15806 

;     *44 

,15836 

,15866 

,15896 

,*59*7 

»J5957 

,15987 

,16017 

,16047 

,16077 

,16107 

1    «45 

,16137 

,16167 

,16197 

,16227 

,16256 

,16286 

,16316 

,16346 

,16376 

,16405 

J46 

H7 

,16435 

,16465 

,16495 

,16544 

,^554 

,16584 

,16613 

,16643 

,16673 

,16702 

,16732 

,16761 

,16791 

,16820 

,16850 

,16879 

,16909 

,16938 

,16967 

,16997 

148 

,17026 

.I70S5 

,17085 

,17114 

i  17 143 

,17172 

,17202 

,17231 

,17260 

,17289 

•?49 

JSo 

»i73i9 

.17348 

>J7377 
,17667 

,17406 

>*7435 
,177*5 

^17464 
,17754 

,'7493 
,,17782 

,17811 

iLTAli 
,1784c 

,_i75_8_°_ 

> 17609 

,17638 

,17696 

,17869 

«5i 

,17898 

,17926 

,'7955 

,17984 

,18013 

,18041 

,18070 

,18099 

,18127 

,1815$ 

*S* 

,18184 

,18213 

,18241 

,18170 

,18298 

,183*7 

,18355 

,18384 

,18412 

,18441 

*51 

,18469 

,18497 

,18516 

,«8554 

,18583 

,18611 

,18639 

,18667 

,18696 

,18724 

.'5* 

,18752 

,18780 

,18808 

,18837 

,18865 

,18893 

,18921 

,18949 

.'8977 

,1900; 

»SS 

»*9033 

,19061 

,19089 

,I9IJ7 

,i9H5 

,19!73 

,19201 

,19229 

,19257 

,19285 

156 

.193" 

,19340 

,19368 

,i9396 

,19424 

.J9451 

,'9479 

,'9507 

♦'9535 

,19562 

"57 

,19590 

,19618 

,19645 

,i9673 

,19700 

,19728 

,i9756 

,19787 

,1981 1 

,19838 

J58 

;  1 59 

,19866 

,19893 

,19921 

,19948 

.J9975 

,10003 

,2003a 

,20058 

,20085 

1  ,20  1 12 

,2014.0 
0 

,20167 

- 

a 

,20222 

,20249 

,20176 

,20303 

,20330 

,^0358 

'_l^i8JL 

"  7!£T 

1    6 

i.  7 

I    9  ~ 

Table  of  Logarithms,    1151. 
Numbers  from  1600  to  2200.    Logs,  from  ,20412  to  ,34242. 


N° 

_i_ 

3  ■ 

2 

_i__ 

4 

5 

6 

7 

8 

9 

160 

,20412 

,20439 

,20466 

.20493 

,20520 

,20547 

,20574 

,20602 

,20629 

,20656 

161 

,20683 

,20709 

,20736 

,20763 

,20790 

,20817 

,20844 

,20871 

,20898 

,20925 

362 

,20951 

,20978 

,21005 

,21032 

,21059 

,21085 

,21312 

**"39 

,21165 

,21192 

163 

,21219 

J21245 

,21272 

,21299 

,21325 

,21352 

,21378 

,21405 

,21431 

,21458 

164 

,21484 

,21511 

,2*53? 

,21564 

,21590 

,21617 

,21643 

,21669 

,21696 

,2172* 

16  S 

,21748 

,21775 

,21801 

,21827 

,21853 

,21880 

,21906 

,21932 

,21958 

,21985 

366 

,22011 

,22037 

,22063 

,22089 

,22135 

,22141 

,22167 

,22194 

,22220 

,2224$ 

167 

,22272 

,22298 

,22324 

,22350 

.22375 

,22401 

,22427 

,22453 

,22479 

,12505 

168 

,22531 

."557 

,22583 

,22608 

,22634 

,22660 

,22686 

,22711 

,22737 

,22763 

369 

,22789 

,22814 

,22840 

,22866 

22893 

,22917 

>2_2_9_43_ 

,22968 

,22994 

,23019 

370 

^3°45 

,23070 

,23096 

,23121 

.23 '47 

,23172 

,23198 

,23223 

.23249 

,23274 

371 

,23300 

.23325 

.2335° 

,23376 

,23401 

,23426 

.2345* 

.23477 

>*35°2 

,23528 

372 

3*3553 

,23^78 

,23603 

,23*28 

,23654 

,23679 

,23704 

^23729 

,23754 

.23779 

173 

,23805 

,23830 

.23855 

,23880 

,23905 

.23930 

.23955 

^23980 

,24005 

,24030 

*74 

,24055 

,24080 

,24105 

,24130 

.24155 

,24*79 

■,24204 

,24229 

,24254 

,24279 

*75 

,24304 

,24329 

.24353 

,24378 

,24^03 

,24428 

.24452 

.24477 

,24502 

,245*7 

376 

.24551 

,24576 

,24601 

,24625 

,24650 

,24674 

,^4699 

,24724 

,24748 

,24773 

'77 

124.797 

,24822 

,24846 

,24871 

,24895 

,24920 

,24944 

,24969 

,24993 

,25018 

378 

,25042 

,25066 

,25091 

,25115 

.25 '39 

,25164 

,25188 

,25212 

,25237 

,25261 

379 

,25285 

.255*7 

,25310 

._2_5334 
.25575 

.25358 
,25600 

.25382 
,25624 

,25406 
,25648 

.2543i 
,25672 

.25455 
,25696 

1*5479 
»2572o 

,*5503 

i£T 

.2555* 

,25744 

381 

,25768 

,25792 

,25816 

,25840 

,25864 

,25888 

,25912 

.25935 

.25959 

,25983 

382 

,26007 

,26031 

,26055 

,26079 

,26102 

,26126 

,26150 

,26174 

,26398 

,26221 

183 

,26245 

,26269 

,26292 

,29316 

,26340 

,26364 

,26387 

,26411 

.26434 

,26458 

384 

,26482 

.26505 

,26529 

,26552 

,26576 

,26600 

,26623 

,26647 

,26670 

,26694 

185 

,26717 

,26741 

,26764 

,26787 

,2631 1 

,26834 

,26858 

,26881 

,26905 

,26928 

386 

,16951 

,26975 

,26998 

,27021 

,27045 

,27068 

,27091 

,27114 

,27138 

,27161 

387 

,27184 

,27207 

.27231 

.27254 

,27277 

,27300 

.27323 

,*7346 

*«737° 

•2739J' 

388 

,27416 

,27439 

,27462 

.27485 

,27508 

.2753' 

.27554 

.27577 

,27600 

,27623 

i?9 

,27646 

,27669 

,276q2 

.27715 

.27738 

,27761 

.27784 
,28012 

.27807, 
,28035 

.27830 
,28058 

,2785* 

190 

,27875 

,27898 

,27921 

,27944 

,27967 

,27989 

^28081 

191 

,28103 

,28126 

,28149 

,28171 

,28194 

,28217 

,28239 

,28262 

,28285 

,28307 

392 

,28330 

•28353 

,28375 

,28398 

,28420 

,28443 

,28466 

,28488 

.28511 

,28533 

393 

,28556 

,28 57* 

,28601 

,28623 

,28646 

,28668 

,28690 

,28713 

.287,5 

,28758 

194 

,28780 

,28802 

,28825- 

,28847 

,28870 

,28892 

.28914 

,28937 

,28959 

,28981 

*95 

,29003 

,29026 

,29048 

,29070 

,29092 

,29115 

>29i37 

.29159 

,29181 

,29203 

196 

,7.9226 

,29248 

,29270 

,29292 

.29314 

,29336 

,29358 

,29380 

,29402 

,29425 

197 

,29447 

,29469 

,29491 

.29513 

.29535 

.295*7 

.29579 

,29601 

,29623 

,29645 
,29863 

198 

,19666 

,29688 

,29710 

.29732 

.29754 

.29776 

,29798 

,29820 

,29842 

I_9.2_ 

,2988'; 

,29907 

,30125 

,29929 
,30146 

d9£5_L 
,30168 

,29972 
, 3°i9° 

£9994 
,30211 

,30016 

,30038 
,30255 

,30276 

,30081 

;co 

,30103 

,30233 

,30298 

201 

,30320 

.3°34i 

,30363 

,30384 

,30406 

,304.27 

,30449 

>304/i 

,30492 

,3°5'4 

202 

'30535 

.30557 

,30578 

,30600 

,30621 

,30642 

,30664 

,30685 

,30707 

,30728 

203 

*3°7  5« 

,3077' 

.30792 

,30814 

.30835 

,30856 

,30878 

,30899 

,30920 

,3094s 

204 

,30963 

,30984 

,31006 

,31027 

,3104.8 

,31069 

,31091 

,31112 

»3H33 

,3"ii 

205 

»3"75 

,3M97 

,31218 

.31239 

,31260 

,33281 

.31302 

.3H32 

»3i344 

,31366 

206 

,31387 

,31408 

.31429 

>3H5° 

.31471 

.31492 

»3*5r3 

.31534 

,31555 

,31576 

207 

»3J597 

,31618 

,316311 

,31660 

,31681 

,31702 

.3*7*3 

.31744 

,31764 

,31785 

208 

,31806 

,3tS27 

,31848 

,31869 

,31890 

.319" 

.3*93* 

.3X952 

.31973 

,31994 

2C9 

,32015 

.32°35 
,32243 

,320s6 
.32263 

,32077 
,32284 

,32098 
.32305 

,32118 
,32325 

.32' 39 
.32346 

,32160 

,32180 
,32387 

,32201 

210 

,32222 

,32366 

,32408 

211 

,32428 

,32449 

,324.69 

,32490 

.32510 

.3253i 

,32552 

,32572 

,32593 

,32613 

212 

,32634 

.3l654 

,32674 

,32695 

.32715 

,32736 

>32756 

.32777 

,3*797 

,32818 

213 

,32838 

,32858 

,32879 

.32899 

,32919 

,32940 

,32960 

,32980 

,33001 

,33°** 

214 

.33"4i 

,33062 

,33082 

,33102 

.33»22 

.33143 

.33163 

,33 's3 

,33203 

,31*2* 

215 

.3  3244 

>33264 

,33284. 

.33304 

,33326 

.33345 

.33365 

.33385 

,33405 

,334*5 

,336*6 

2l6 

.33445 

.33465 

,33+86 

.335°6 

.33526 

,33546 

.33566 

,33r86 

,33606 

•2  IT 

,33646 

,33666 

,33686 

,33706 

,33726 

>33746 

,33766 

,•33786 

,33806 

,33826 

2l8 

,33846 

,33866 

,33885 

.339°5 

.33925 

.33945 

.339'65 

>339»5 

,34005 

,.34025 

r.19 

ii1f.l± 

,34064 

^34084^ 

,34104 

.34123 

,■34143 

.14 '6 3 

,_34J_8j. 

.34203 

,3422* 

"li° 

0 

1 

z 

3 

4 

5 

7 

i 

9 

Table  of  Logarithms,    1151V  567 

Numbers  from  2200  to  2800.    Logs,  from  ,34242  to  ,44716. 


0 

-L-\-*— 

'3 

—i-_ 

5  P 

6 

_7 

8 

—i— 1 

ezo 

,34242 

,34262 

,34282 

•,34301 

,34321 

.34341 

,34360 

.3438o 

,34400 

,34420 

221 

>34439 

.34459 

.34478 

.34498 

.345*8 

'34537 

»34557 

.34577 

.34596 

,34616 

222 

»34^35 

,34655 

.34674 

,34694 

.347*3 

.34733 

.34752- 

.34772 

.3479' 

,3481* 

V-l 

,34830 

,34850 

,34809 

.34889 

,34908 

,34928 

.34947 

,34966 

,34986 

»35°oS 

224 

»35°*5 

.35044 

,35064 

.35083 

.35*02 

,35122 

.35*4' 

,35160 

,35180 

.35*99 

225 

,35218 

.35237 

.35*57 

.35276 

.35295 

>3  53i5 

.35334 

.35353 

,35372 

,3539* 

226 

,354** 

.3  543° 

.35449 

.35468 

,35488 

.35507 

.35526 

.35545 

.3  5  J  64 

.35583 

227 

,35603 

.35622 

,35641 

,35660 

>35679 

.35698 

.357*7 

.W36 

.35755 

.35774 

428 

>3S793 

,35812 

.3583* 

.35851 

.35870 

,35889 

,35908 

.359*7 

,3594b 

,3596s 

229 

>3_S9_8J. 
,36173 

,36002 
,36192 

,36021 
,36210 

,36040 
,36229 

,3_6£5jL 
,36*48 

,36078 
,36267 

,36097 

,36116 
.36305 

,3613s 

,36154 

230 

,36286 

,36324 

,3634* 

231 

,36361 

,36380 

,36399 

,36418 

,36436 

.36455 

,36474 

,36492 

,36su 

,3653<> 

232 

,36549 

>36567 

,36586 

,36605' 

,36624 

,36642 

,36661 

,36680 

,36698 

,367*7 

^33 

,36736 

.36754 

.36773 

,3679, 

,36810 

,36829 

,36847 

,36866 

,36884 

,36905 

«34 

,36922 

,36940 

.36959 

.36977 

•,36996 

■,37014. 

,37033 

.37051 

,37070 

,37088 

23s 

,37107 

.37'25 

,37*44 

,37162 

,37181 

.37*99 

.37217 

.37*36 

,37*54 

»37*7? 

236 

»37*9* 

.373*o 

.37328 

.37346 

.37365 

.37383 

>3740* 

,37420 

.37438 

.374^56 

237 

»37475 

.37493 

.375** 

.3753° 

.37548 

,37566 

.37585 

,37603 

,37621 

,37639 

238 

.37658 

,37676 

.37694 

.3771* 

.3773* 

.37749 

.37767 

.37785 

.37803 

,3782a 

239_ 

»3784o 

.37858 

£37876 

£7894 

,37912 

.37930 

j37949_ 

ilZ9_6_7_ 

.37985 

, 38003 

240  1 

,38021 

.38039. 

.38057 

.38075 

,38093 

.38111 

,38*30' 

,38148 

,38166 

,38*84 

241 

,38202 

,38220 

,38238 

.38256 

,38274 

,38292 

.38310 

,38328 

,38346 

,38364 

242 

,3838! 

»38399 

.38417 

>38435 

.38453 

.38471 

,38489 

.38507 

.38525 

,38543 

243 

,3856! 

.38578 

.38596 

,38614 

,38632. 

,38650 

,38668 

,38685 

,38703 

.387*1 

244 

>38739 

.38757 

.38775 

,38792 

,38810 

,38828 

,38846 

,38863 

,38881 

,38899 

245 

.38917 

.38934 

,38952 

.38970 

,38987' 

,39005 

,39023 

,39040 

,39058 

,39076 

246 

>39°93 

,39m 

.39**9 

,39146 

,39164 

,39182 

.39*9-9 

.39217 

,39234 

,392ja 

*47 

,39*7° 

,39287 

.39305 

.39322; 

.3934° 

.39357 

.39375 

,39392 

.394*o 

,3942? 

248 

.39445 

j39463 

,39480 

,39498 

.395*5 

.39533 

.39550 

,39568 

,39585 

,39602 

349 

,39620 
.39794 

'll?j6  37 
,39811 

.39655 
,39'829 

,39671 
,39846 

,3?690_ 
.39863 

,39707 

.39724 

,39742 
.399*5 

,_3_975_9_ 
,39~932 

,39777 

250 

,39881 

.39898 

,39950 

251 

>39967 

.39985 

,40002 

,40019 

,40036 

,40054 

,40071. 

,40088 

,40106 

,40123 

252 

,40140 

.4oi'57; 

,40174 

,40192 

,40209 

,40226 

.40243 

,40260 

,40278 

,40295 

a53 

,40312 

,40329 

,40346 

.40363 

,40381 

,40398 

,404*5 

.40432 

,40449 

,40466 

aW 

,40483 

,40500 

,4°5*7 

.40535 

.40552 

,40569 

,+0586 

,4:603 

,40620 

,40637 

*55 

,40654 

,40671 

,40688 

,40705. 

,40722 

.4°739 

,40756 

.40773 

,40790 

,40807 

256 

,40824 

,40841 

,40858 

,40875 

,40892 

,40909 

,40926 

,40943 

,40959' 

,40976 

257 

,40993 

,41010 

,4^027 

,41044 

,41661 

,41078 

.4*095 

■H-ini 

,41128 

.4**45 

258 

,41162 

.4"79 

,41196 

,4'2I2 

,41229 

,41246 

,41263 

,41280 

,4*296 

.4*3*3 

259_ 

.4*33° 

dflil 

ti!L6JL 

,41380 

.4*397 

£41414 

>4*43:> 

.4*447. 

,4*464 

,4*j£l 

260 

,41497 

****** 

.41531 

#4*547 

,41564 

,41581 

.4*597 

,41614 

,41631 

,4*647 

261 

,41664 

,41681 

,41697 

,4*7H 

.4*73* 

.4*747 

,41764 

,41780 

,4*797 

,4*813 

262' 

,41830 

,41847 

,41863 

,4l88o 

,41896 

.4*9*3 

.4*929 

.4*946 

,41962 

.4*979 

263 

,41996 

,42012 

,42029 

,42045 

,42062 

,42078 

,42094 

,42  in 

,42127 

.4**44 

264 

,42160 

.42*77 

.42193' 

342220 

,42226 

,42243 

,42259 

.4**75 

,42292 

.4*3o8 

265 

.4*3*5 

.4*34* 

.42357 

.4*374 

,42390 

,42406 

,42423 

,4*439 

,4*455 

,4247a 

266 

,42488 

,42504 

,42521 

.42537 

.42553 

.42570 

,42586 

,42602 

,42619 

.4*635 

267 

,42651 

,42667 

,42684 

,42700 

,42716 

,42732 

.4*749 

,42765 

,42781 

,4*797 

268 

,42813 

,42830 

,42846 

,42862 

,42878 

,42894 

,42911 

,42927 

,42943 

,42959 

269 

>4*975 

>4_2_99J_ 

j43°_07 

,43024 

,43040 

.43°56 

•._43f7J 

,43088 

,43104 

lii1*0. 

270 

.43 *36 

.43*5* 

,43168 

.43*85  j.4-320* 

,43217 

.43*33 

,43*49 

,43265 

,43281 

271 

,43296 

.433*3 

.433*9 

.43345  >4336i 

.43377 

.43393 

,434°9 

,4342  5 

.4344* 

272 

.43457 

.43473 

.43489 

.43 505 ',435* 1 

.43537 

.43553 

,43568 

,43584 

,43600 

273 

,43616 

.43632 

,43648 

,43664^,43680 

,43696 

.437** 

,437*7 

,43743 

,43759 

274 

.43775 

.4379* 

.43807 

,43823  ,.,43838 

.43854 

,43870 

,43886 

,43902 

,439*7 

275 

>4-3933 

.43949 

.43965 

,439811,43996 

,44012 

,44028 

,44044 

,44059 

,44075 

276 

,44091 

,44107 

,44122 

,441381,44154 

,44169 

.44*85 

,44201 

,44217 

,44*32 

?77 

,44248 

,44264 

.44279 

.44295  !'.443** 

,44326 

,44342 

,44358 

,44373 

,44389 

278 

,44404 

,44420 

,44436 

.4445 *  I.44467 

,44482 

.44498 

.445*4 

,44*29 

.44  H" 

£Z9 

,44560 

iifi.16- 

.4459* 

,44607  (,44623 

dil32 

.44654 

,44669 

,44685 

d_tZ°2. 

"~N° 

0 

z  ' 

1  2. 

-  3- 

-4 

5 

6 

~~7  ■  1 

~~8 

9 

$6$  Table  of  Logarithms,    1151V 

Numbers  from  2800  to  3400.    Logs,  from  ,44.716  to  ,53148. 


Ne 

0 

1 

,447? 1 

2 
.44747 

3 

4 

S 

6 

7 

8 

9 

980 

,44716 

,44762 

i44778 

.44793 

,44809 

,448*4 

,44840 

,44855 

381 

»4487* 

,44886 

,4*901 

>449J7 

»4493* 

,44948 

»44963 

.44979 

•44994 

,45009 

382 

,45025 

,45°4° 

,45056 

,45071 

,45086 

,45*02 

,45"7 

,4513* 

,45148 

,45*63 

383 

»45J79 

,45 '94 

,45*09 

»45**5 

,45240 

»452S5 

,45*71 

,45286 

,453°i 

,453*6 

284 

,4533* 

,45347 

,4536* 

,45378 

,45393 

,45408 

,454*3 

,4S439 

,45454 

,45463 

385 

,45484 

,45soo 

»455J5 

,45530 

,45545 

,4556* 

,45576 

*4559» 

,45606 

,45621 

286 

.45637 

,45652 

,45667 

,45682 

,45697 

,457'* 

,45728 

.45743 

,4575s 

»4577J 

187 

,45788 

,45803 

,458 « i 

,45834 

>45849 

.45864 

*«*79 

,45894 

,45909 

»459*4 

388 

.45939 

,45954 

,45969 

,43984 

,45999 

,460*5 

,46030 

,46045 

,46060 

,46075 

289 

,46090 

,46105 

,46130 

,46135 

,46 '50 

,46161; 
*463 1"5 

,46180 
,46329 

,46195 

,462*0 
,46359 

,46225 

290 

,46240 

,46255 

,46270 

,46*85 

,46300 

,46344 

,46374 

39 1 

,46389 

,46404 

,46419 

»46434 

,46449 

,46464 

»46479 

,46494 

,46508 

.465*3 

392 

,46538 

,46553 

,46568 

,46583 

.46598 

,46612 

,46627 

,46642 

,46657 

,46672 

393 

,46687 

,46703 

,46716 

,46731 

,46746 

,46761 

,46776 

,46790 

,46805 

,46820 

394 

,46855 

,46849 

,46864 

,46879 

,46894 

,46908 

,46923 

,46938 

,46953 

,46967 

»9 

,46982 

,46997 

,470x2 

,47046 

»47©4i 

,470/6 

,47070 

,47085 

,47*00 

,47**4 

39*6 

,471*9 

,47144 

,47'S8 

,47173 

,47*88 

,47202 

»47*«7 

,47*3* 

,47*46 

,47*6* 

»97 

,47276 

,47*9° 

,47305 

,47319 

,47334 

>47349 

*47363 

,47178 

»4739* 

.4740.7 

398 

,4-4** 

,47416 

,4-745  i 

,47465 

,47480 

,47494 

,47/o8 

,475*3 

,47538 

.47553 

*JiL 

.47567 

,47582 

.47596 
,47741 

,47611 

.476*5 
,47770 

,47640 

»47654 
.47799 

,47669 

,47683 
*478*8 

,47698 

300 

.477 »* 

»477*7 

,47755 

.47784 

,478*3 

,47842 

3c  1 

.+7857 

,47871 

,47885 

,47900 

,479H 

»479*9 

.47943 

.47957 

,4797s 
,481 16 

,4798.6 

302 

,48001 

.48015 

,48029 

,48044 

,48058 

,48072 

,48087 

,48101 

,48130 

3°3 

,48144 

,48159 

>48i73 

,48187 

,48202 

,48216 

,48230 

,48244 

,48259 

,48*73 

304 

,48287 

,48302 

,48316 

,48330 

,48344 

,48359 

.4837* 

,48387 

,48401 

,48416 

3°5 

,48430 

,48444 

,484.58 

,48473 

,48487 

,48501 

.485*5 

,485*9 

.48544 

,48558 

306 

.4857* 

,48586 

,48600 

,48615 

,48629 

,48643 

,48657 

,48671 

,48685 

,48700 

3°7 

,48714 

,48728 

,4874* 

,48756 

,48770 

,48784 

,48799 

,48813 

,48827 

,48841 

30S 

,48855 

,48869 

,48883 

,48897 

,48911 

,48925 

,48940 

,48954 

,48968 

1489*2 

3°9 

,18996 

,49010 

i!9-!**- 

,49038 

,♦9052 

,49066 

,49080 

,49094 

,49108 

J49*** 

310 

,49136 

,49150 

,49164 

,49178 

,49192 

,49206 

,49**o 

,49*34 

,49248 
,493« 

,49262 

3" 

,49276 

,49290 

,49304 

,493*8 

,4933* 

#49346 

,4936o 

,49374 

,4940* 

312 

»494«5 

-,494*  9 

,49443 

,494S7 

,4947* 

,49485 

,49499 

,49513 

,49  5*7 

.4954* 

313 

.49554 

,49568 

,49582 

,49596 

,49610 

,49624 

,49638 

,49651 

,49665 

,49679 

3*4 

.49693 

,49707 

.49721 

,49734 

,49748 

,49762 

,♦9776 

,4979° 

,49803 

»498i7 

3'5 

,49831 

»49845 

,49859 

,49872 

,49886 

,49900 

»499«4 

,499*7 

,49941 

,49955 

316 

,49969 

,49982 

,49996 

,50010 

,50024 

,50037 

,50051 

,50065 

,50078 

.S009* 

3J7 

,50106 

,$o>*o 

,5013? 

,50147 

,50161 

,50174 

,50188 

,5020a 

,50215 

» 50229 

318 

,50243 

,50256 

,5027° 

,50284 

,50197 

,503*' 

,50325 

,50338 

,5035* 

.50J65 

3J9_ 

.50379 
,50515 

>$0393 
»5°5Z9' 

,50406 
,50542 

,504*0 
,50556 

,50433 
,50369 

,50447 

,50461 

>5°474 
,50610 

,504X8 

,50501 

320 

,50583 

,50596 

,5-623 

,50637 

3*i 

,50650 

,  10664 

,50677 

,50691 

,50705 

,50718 

,50732 

,50745 

,50759 

»5°77* 

322 

,50786 

,50799 

,50812 

,50826 

,50839 

,50811 

,50866 

,50880 

,50893 

,50907 

323 

,50920 

,50934 

,50947 

,50961 

,50974 

,50987 

,51001 

,51014 

,51028 

,51041 

S'4 

,51054 

,510^8 

,51081 

,51095 

,51108 

,5112* 

,5'i35 

,51148 

,51161 

,5"75 

325 

,5u88 

,51202 

,51215 

,51228 

,51242 

,5**55 

,51268 

,51282 

,5**95 

,5130* 

326 

,51322 

,5'335 

,5 '348 

,5,36i 

>5'375 

,5»388 

,51402 

,5*4'5 

,51428 

,51441 

3*7 

»5»455 

,51*68 

,51481 

,5'495 

,51508 

,51521 

»'!1534 

.5 '548 

,5156* 

>5i574 

3*8 

,51587 

,51601 

,51614 

,51627 

,51640 

,S'6S3 

,51667 

,51680 

,51693 

,5'7°6 

3*9 

,51720 

,JI733 

,5'864 

,51878;  ,51891 

,''77* 

,51785 
,5'9'7 

><'799 
,5193° 

,ci8i2 

,51825 

,Si8ji 

33° 

,51851 

,51904 

.51943 

,5'956 

,5197* 

33i 

.51983 

,51996 

,52009  ,53034 

,5*035 

,^2048 

,52061 

,5*074 

,52088 

,5*lo» 

3U 

, 5**14 

,52127 

,52140  ,52-53 

,52166 

»5*'79 

,52192 

,52205 

,52218 

,5**J» 
,5*36* 

333 

,5**44 

,5**57 

,51*70  ,5**83 

,5**97 

,5*3'o 

,5*3*3 

,5*336 

,5*349 
,5247» 

334 

.5*375 

,5*388 

,52401  ,52414 

,5*4*7 

,5*44o 

,5*453 

,52466 

,5*49* 

335 

»5*5C4 

,52634 

»5*5*7 

,52530  ,52543 

.5*556 

,5*569 

»5*582 

,5*595 

,52608 

,5*6*1 

336 

,2647 

,52660 

,5*673 

,52686 

,52698 

,52711 

,5*7*4 

,5*717 
,52866 

,5*75<> 

33o 

,5*763 

,12776 

,5*789 

,52802 

,52814 

.,5*827 

,52X40 

.52853 

,52879 

333 

,52892 

,52904 

,5*9«7 

,52930 

.5*943 

,5*9  56 

,52969 

,52981 

,5*994 

,53c?7 

339 

,53°*° 
0 

>53°33 
i 

, s  3042 

»S3°S_8_ 

3 

,5307> 

,53084 

,53097 

,53109 
7 

,5312* 

>j3i.ji 

0 

ll" 

4 

5. 

Table  of  Logarithms,  "1151;  5%* 

Numbers  from  3460  to  4000.     Logs,  from  ,53148  to  ,6o2o6» 


.53*99 
.5 3326 
'53453 
>5358° 

,53'7°6 

.53832 
,5395s 
. 54083 
,54208 

,f4332 

>54456 
,54- 5  80 

.547^4 
,54827 

.54949 
, 55072 
.55*94 
•553 '5 
'55437 
'555f8 


.55678 

'55799 

'559*9 
,56038 

,56158 

>56*77 
o6395 
'565*4 
,56632 

,56750 


,56867 
,56984 
,57101 
'572*7 
or73  34 
o7449 
.57565 
,57680 

'57795 

,58024 
,58138 
,5*252 

,58478 
'5859i 
>587-4 
,58816 
,58928 
?59°4°_ 

'59*51 
-,59262 

.59373 
.594?3 
.59594 
.597^4 
,598!3 
.59923 
,60032 
,60141. 


.5557-0 


,55690 
.558** 
.55931 
,5-6050 
,56170 
,56289 
,56407 
,56526 
,56644 

,56879 
56996 

57**3 
,57229 

.57345 
.57461' 

»57576 
,57692 

.57So7 
.579*1 


.55703 
.55823 
'55943 
,56062 
,56182 
,56301 
,56419 

.56537 
.56655 

.56773' 


.58035 

«58*49 
,58263 

'58376 
,58490 
,58602 
.58715 
.58S27 
,58939 

,59162 

.59273 
.59384 
.59494 
.59605 

.59714 
,59824 

.59934 
,60043 
,6015a 


,56890 

,^7008 

.57124 

57241 

.57357 

57471 

.57588 

.577°3 
,57818 

ilZiii 
,58047 
,58161 
,58274 
,58388 

><;S5oi 
,58614 
,58726 
,s8838 

,5895b 
.59062 

.59^73 
,59284 

.59395 
.5.9  w 
,59616 
»59726 
.59835 
.59945 
,60053 

,60162 
__ 


'53237 
.53364 
.53491 
,53618 

.53744 
.53870 

.53995 
,^4120 

'54245 

iiilZi 
.54494 
.54617 

.54740 
.54863 
.$•4986 

,55ic8 

.55230 
.55352 
.55473 
.55594 


.55715 
.55835 
.55955 
,56074 
,56194 
.56312 
.5643 ' 

.56549 
,56667 

'-56785 

,56902 

.570*9" 

57*36 

;S7|5J 

^57368 
\ 5 7484 
x576oo; 

.577*5 
.57829 

.57944 
,58058 
58172 
58286 

.58399. 

,58512 
,58625 

.58737 
,58850 
.58961 

.J9£7JI_ 
.59l84 

.59295 
,59406 
,59,-16 
,59627 

,59737 
,59846- 
,59956 
,60065 
,60173 


«53250 

,53377 

.53504 

.5363 

.53757 

,53882 

,54008 

,54133 

,54258 
.54382 

.545c6 

,54630 

.54753 
,54876 

.54998 
.55121 

.55242 
»55364 
.55485 
,55606 


'55727 
<55847 
.55967 
,56086 
.56205 
.56324 
.56443 
,56561 
,56679 

.56797 
,56914 

»5703i 
,57148 

,57264 
,57380. 
,57496 
,57611 
.57T26 
.5784? 
,57955 
,58070 
,58x84 

.58297 
,58410 

.58523 
,58636 

,58749 
,58861 

.58973 
,59084 


.53263 
.5339» 
.53  51? 
.53643 
>53769 

'5389S 

,54020 

'54*45: 
,54270 

.54194^ 

.545*8- 
,54^4* 
.54765 
,54888 
.55011 
.55113 
'5525S 
'55375 
»5549/ 
.55618 


,59*95 
,59306 

,594*7 
>595^: 
,59638 
,59748 
,?98'.7 
,5996^ 
,6co7s 
,60184 

8~~ 


.55739 
.55859 
.55979 
,56098 
,56217 

.5633$ 
.56455 
'56575 
.5669* 

,56808 

,56926 
.5704 J 

.57*59- 

,5727S 

.5739  * 

.57507 

.57623. 

.5773^- 

.57852 

,57967^ 

,58o8r 

.58195" 

,58308 

,58423 

.58535 

.58647' 

,58760 

,58872 

,5W 

,J9°9S. 

.59207 

.593*7 

,59428- 

.59539 
»59649 

,5975* 
.59868, 

.59977: 
,6ooS6> 
,6019? 


570  Table  of  Logarithms,    1151. 

Numbers  from  4.000  to  4600.     Logs,  from  ,60206  to  ,66276. 


>p 

0' 

I 

-M 

__3 

V_4 

5 

6 

7 

8 

_9 

40c 

,00206 

,60217 

,60228 

,60239 

,60249 

,60260 

,60271 

,6028a 

,60293 

,60304 

41 

,60314 

,60325 

,60336 

,6=347 

,60358 

,60368 

,60379 

,60390 

,60401 

,60412 

402 

,60423 ' 

»i,0433 

,60444. 

,604,5 

,60466 

,60477 

,60487 

,60498 

,60509 

,60520 

43 

,60550 

,60541 

,60552 

,60563 

,60574 

,60584 

,6o595 

,60606 

,60617 

,6o6ay 

40+ 

,60638 

,60649 

,6oo6p 

,60670 

,60681 

,60692 

,:°7°3 

,60713 

,60724 

,60735 

4°5 

,60745 

,60756 

,60767 

,60778 

,60788 

,60799 

,60810 

,60820 

,60831 

,60842 

406 

,60853 

,60853 

,60874 

,60885 

,60895 

,6ogOt> 

,60917 

,6c927 

,60938 

»6o94j 

4°7 

,60959 

,6097^ 

,60981 

,60991 

,61002 

,61013 

,61013 

,61034 

,61045 

,61162 

4  a 

,61.66 

,61-77 

,61087 

,61098 

,61109 

,61119 

,61130 

,61 140 

,61151 

£12- 

,61172 

>6"iS3 

,61194 

,61204 

,61215 

,61225 

,61236 

,61247 

,61257 

,61268 

410 

.6127T 

,61289 

,61300 

,61310 

,61321 

,61331 

,61342 

,61352 

,61363 

,61377 

411 

,6.384 

,6l395 

,61405 

,61416 

,61426 

.61437 

,61447 

,61458 

,61469 

,61479 

412 

,61490 

,61500 

,6151: 

,61521 

,61532 

,61542 

,6i553 

,61563 

,6«574 

,61584 

$13 

,61590 

,61605 

,61616 

,61626 

,61637 

,61647 

,61658 

,61668 

,61679 

,61689 

414 

,61700 

,61710 

,6172 

,61731 

,61742 

,61752 

,61763 

,6i773 

,61784 

,61794 
,61899 

4'5 

,61805 

,61815 

,6182. 

,61836 

,61847 

,6i8J7 

,61867 

,61878 

,6i8gS 

416 

,61909 

,61920 

,6193c 

,6194' 

,61051 

,61961 

,61972 

,61982 

,61993 

,62003 

4>7 

,6.014 

,62024 

,62034 

,62045 

,62055 

,61066 

,62076 

,62oS6 

,62097 

,61167 

418 

,621*8 

,62128 

,62138 

,62149 

,62159 

,62169 

,62180 

,61190 

,62201 

,62211 

419 

,62221 
,62325 

,62232 

,62242 

,62251 

,62263 
,62366 

,62273 

,6j377 

,62283 
,62387 

,62294 
,62397 

,62304 
,62408 

,62315 

.420 

,62335 

,62346 

,62356 

,62418 

421 

,62428 

,6H3S 

,62449 

,62459 

.62469 

,62480 

,62490 

,62500 

,62511 

,62521 

422 

,6253, 

,62541 

,62552 

,62562 

,62572 

,62583 

,6-593 

,62603 

,62613 

,62624 

4^3 

,626  54 

,'2644 

,62655 

,62665 

,62675 

,621,85 

,62696 

,62706 

,62710 

,62726 

424 

,&2737 

,•'2747 

,62757 

,62767 

,62-7 

,62788 

,62798 

,62808 

,62818 

,62829 

425 

,62839 

,62849 

,02? S9 

,62869 

,62880 

,61890 

,62900 

,62910 

,62921 

,6*93* 

426 

,02941 

,620  ,1 

,62961 

,62971 

,62982 

,62992 

,63002 

,63012 

,63022 

,63033 

427 

,63043 

,6;o55 

,63063 

,63073 

,63083 

,63094 

,63104 

,63114 

,63124 

,63134 
,63136 

£28 

,63 '44 

,63i54 

,63.c'5 

,63175 

,63185 

,63197 

,63205 

,63215 

,63225 

i?2_ 

>6j2)6 

,65256 

,6^266 

,63276 

,63286 

,£3296 

,f33°l. 

iiii'6 

,63327 

,63337 

43° 

>63347 

,63357 

,633°7 

,63377 

,63387 

>63397 

,634-7 

,(53417 

,63428 

,6343"« 

431 

,63448 

,63458 

,63468 

,65478 

,63488 

,03498 

,63508 

,63518 

,63528 

>6353* 

432 

,63:48 

,63558 

,63568 

,63578 

,63589 

,65599 

,63609 

,63619 

,63629 

,63639, 

433 

,63649 

,63659 

,63669 

,63679 

,63689 

,63699 

,637C9 

,63719 

,63729 

,63739 

434 

>»3749 

,63759 

,63769 

,63779 

,63789 

,63800 

,63809 

,63819 

,63829 

,63839 

43  < 

,63849 

,63859 

,63869 

,63879 

,"13889 

,^3890 

,63909 

,63919 

,63929 

,63939 
,64038 

436 

,63949 

,63959 

,63969 

,6397* 

,63988 

,63998 

,64coS 

,64018 

,64028 

437 

,64048 

,64058 

,64068 

,64078 

,640^ 8 

,64098 

,64108 

,64118 

,64128 

,64137 

43S 

,64147 

>64'57 

,64167 

,64177 

,64187 

,64197 

,64207 

,64217 

,64227 

.64237 

439 

,64546 
>64345 

,64256 
,64355 

,64266 
,64565 

,64276  ,64286 

-6+375; 164385 

,64296 
,64395 

,64306 
,64404 

,64316 
,64414 

,_6_4325 
,64424 

,64335 

440 

,64434 

44  T 

5 644+4 

,64454 

,64463 

,64473  j, -14483 

,64493 

,64503 

,64513 

,64523 

,64532 

442 

,64142 

,64552 

,64562 

,6472  ,64581 

,64591 

,64601 

,64611 

,64621 

,64631 

443 

•,64640 

,64650 

,64660 

,64670 

,64680 

,64089 

,64699 

64709 

,64719 

,64728 

444 

,64738 

,64748 

,64758 

,64768 

,64777 

,64787 

,64797 

,64807 

,64816 

,64826 

445 

,64836 

,64846 

,64855 

,64865 

,64875 

,64885 

,64894 

,64904 

,649i4 

,64924 
,6502c 

446 

,64933 

,64943 

,64953 

,649^3 

,64972 

,',4982 

,64992 

,65002 

,65011 

447 

,65031 

,65040 

,650.0 

,65060 

,6  .070 

,65079 

,65089 

,65099 

,65108 

,65118 

448 

,65128 

,65'37 

,65H7 

,65157 

,65^7 

,65176 

,65186 

,65196 

,65205 

,65215 

449 

,65225 

A&w 

,j6_j244_ 

,6^2 54 

,65263 

,6,273 

L6J181 

,65292 

,65302 

,6531? 

45o 

,65321 

,6533' 

,65340 

.65350 

,65360 

,65369 

,65379 

^65389 

,65398 

A54<# 

45  * 

,65418 

,65+27 

,  65437 

,65446 

,65456 

,65466 

,65471 

,65485 

,65495 

,65504 

452 

»655H 

'65523 

,65533 

,65543 

,65152 

,65562 

,65571 

,6f58i 

,6^59* 

,65600 

453 

,65610 

,65619 

,65629 

,65639 

,65648 

,656;8 

,65667 

,65677 

,65686 

,65696 

454 

,65706 

,65715 

,6,725 

,65734 

,65744 

>65753 

,65763 

,65772 

,65782 

,65793, 

455 

,65801 

,65811 

,65820 

,65830 

,65839 

,65849 

,658>8 

,65868 

,65877 

,65887 

456 

,65896 

,6^906 

,65915 

,65925 

,65935 

,65944 

,65954 

,65963 

,65973 

,659** 

457 

,65992 

,66001 

,66011 

,66020 

,66030 

,66039 

,66049 

,66058 

,66068 

,6607% 

4"8 

,66086 

,66096 

,66105 

,66115 

,66124 

,66134 

,66143 

,66153 

',66162 

,66174 

459 

,66181 

,66191 

,66200 

,662  1 0 1 ,66219 

,66228 

,66238 

,66247 

,66257 

,66266 

N° 

0 

~r-f 

— -j 

*pl 

~4  i 

"—I 

"~6 

- ~ 

~~i 

~9 

Table  of  Logarithms*'  1151* 
lumbers  from  4600  to  5200.    Logs,  from  ,66276  to  ,71-600. 


,66276 
,66370 

i66"464- 

,66;58 
,66652 
,66745 
,66839 
,66932 
,67025 
,67117 


,67210 
,67302 

>67394 
,67486 

,67578 

,67669 
,67761 
,67852 

367943 
,68033 


,68124 
,68214 
,68305 
,6*395 
,68484 
,68574 
,68664 

,68753 
,68842 

,63931 
,69020 
,69108 
,69196 
,69285 

,69373 
,69460 
,69548 
,69636 
,69723 
,69810 

,69897 
,69984 

,70070 

,70157 

,70243 
,70329 
,70415 
,70501 
,70586 
,70672 


510 

5" 
512 

513 
514 
515 
.516 

5*7 
518 

512. 

N° 


,66285 
,66379 

,66474 
,66567 
,66b6i 

,66755 
,66848 
,66941 
,67034 
,67126 


,67219 
,67311 
,67403 

,67495 
,67587 

,67678 
,67770 
,67861 
,67952 
,68043 


,68133 
,68223 
,68314 
,68404 
,68493 
,68583 
,68673 
,68762 


,68940 


,70757 
,70842 
,70927 
,71012 
,71096 
,71181 
,71265 
,71349 
,7H33 

'-ZHH 

o 


,69028 

,69117 
,69205 
,69293 
,69381 
,69469 

,69557 
,69644 

,69732 

,69819 

,69906 
,69992 

,70079 
,70165 

,70252 
,70338 
,70424 
,70509 
,70595 

,70680 


,66295 

,66389 
,66483 

,66577 

,66670 
,66764 

,66857 

,66950 

,67043 

,67136 


,6722s 

,673*0 
.67413 

,6i75c4 
,67596 
,67688 
,67779 
,67870 
,67961 
,68052 


,70765 
,70851 

,70935 
,71020 
,71-05 
,71189 
,71273 

,71357 

,71441 

,71^5 

t 


,68142 
,68233 
,68323 
,68413 
,68502 
,68592 
,68681 
,68771 
,68860 
,68048 

,69037 
,69126 
,69214 
,69302 

,69390 
,69478 
,69566 

,69653 
,69740 
.69827 

,69914 
,70001 
,70088 

,70174 
,70260 
,70346 
,70432 
,70518 
,706c 3 
,-■0689 
,70774. 
,70859 

,70944 
,71029 
,71113 
,71198 

,71282 
,7i366 
,7J45o 
,7Jr3J 
2 


__3 

,66304 
,66398 
,66492 
,66586 
,66680 

.66773 
,66866 
,66960 
,67052 
>6_7i45 
,67237 
,67330 
,67422 

,675'4 
,67605- 
,67697 
,67788 
,67879 
,67970 
,68061 


,6815 

,68242 
,68332 
,68422 
,68511 
,68601 
,68690 
,68780 


_4__ 
,66313 
,66408 
,66502 
,66596 
,66639 
,66783 
,66876 
,66969 
,67062 
,67154 


,67'47 
,67339 
,67431 
,g7523 
,67614 
,67706 

,67797 
,67888 

,6:979 

,68070 


,68957 
,69046 

,69^35 
,69223 
,69311 
,69399 
,69487 
,69574 
,696(12 
,69749 
,69836 

,69923 
,70,010 
,70096 
,70183 
,70269 

,70355 
,70441 
,70526 
,70612 
,70697 


,70783 
,70868 
,70952 
,7^037 
,71122 
,71206 
,71290 
.71374 
,7 '458 
,7«542 


,68160 
,68251 
,68341 
,68431 
,68520 
,68610 
,68699 
,68788 


,68966 


^6905 5 
,69143 
,69232 
,69320 
,69408 
,69496 

,69583 
,69671 

,69758 
^69845 

,69932 

,70018 
,70105 
,70191 

,70277 

,70363 
,70449 

,70535 
,70620 

,70706 


J70791 
,70876 
,70961 
,71045 
,71130 
,71214 
,71299 

,71383 
,71460 

,7i550 


__5 

,66323 
,66417 
,66511 
,66605 
,66699 
,66792 
,66885 
,66978 
,67071 
,6_7J.6l 
,67256 
,67348 
,67440 

,67532 
,67624 

,67715 
,67806 

,67897 
,67988 
,68079 


,68169 
,68260 
,68350 
,68440 
,68529 
,68619 
,68708 
,68797 


,68975 
,69064 
,69152 
,69241 
,69329 
,69417 
,69504 
,69592 

,69679 
,69766 
,6_9_8_5_3 

,69940 
,70027 
,70114 
,70200 
,70286 

,7037* 
,70458 

,70544 
,70629 

L7°7i4 
,70800 
,70885 
,70969 
,7^54 
,7"38 
,71223 

,7'307 
,71391 
,7H75 

,715J1 

ddd 


66332 
66427 
66521 
666 14 
06708 
66801 
66894 
66987 
67080 
67173 


67265 

67357 
67449 
67541 
67633 
67724 
67815 
67906 

67997 
68088 

687t8 
68269 

68359 
68449 
68538 
68628 
68717 
68806 
68895 


69073 
69161 
69249 
69337 
694,25 

695 1.3 
69601 
69688 

69775 
69862 


69949 

70036 
70122 
70209 
70295 
70381 
70466 
70552 
70638 
70723 


70808 
70S93 
70978 
71062 
71 147 
7*43.1 
7***5 
7J399 
7T483 
71567 


,66342 
,66436 
66530 
,66024 
,66717 
,66810 
,66904 
,66997 
,67089 
,67182 

,^7274 
,6'7  357 
.67459 
,67550 
,67642 

,67733 
,67824 

,679*5 
,68006 

^68092 

,68187 
,68278 
,68368 
,68458 

,68547 
,68637 
,68726 
,68815 
,68964 
,68993 


,69082 

,69170 
,69258 
,69346 
,69434 
,6952a 
,69609 
,69697 
,69784 
,69871 

,69958 
,70044 

,7013* 

,70217 

»7a3°3 
,70389 

,70475 
,70561 
,70646 

,707 3 T 
,70817 
,70901 
,70986 

,71071 

,7H55 

,-71240 

,7i3s4 
,71408 

,7H92 

iZIi7J. 

7 ; 


,66351 
,6644,- 
,66539 
,66633 
,66727 
,6*3820 
,69913 
,67006 
,67099 

,6_7_i9_i 
,67284 
,67376 
,67468 

,67559 
,67651 

,67742 

,'67834 
,67925 
,68015 
,68106 

^68196" 
,68287 

,6*377 
,68467 
,68556 
,68646 

,68735 
,68824 
,68913 
,69002 


,69090 
,69179 
,69267 

.693^5 
,69443 

>69<;3i 
,69018 
,69705 

,69793 
,69880 

,69966 

,70053 
,70139 
,70226 
,70312 
,70398 
,70484 
,70^69 
,70655 
^0740 

,70825 
,70910 
,70995 
,71079 
,71164 
,71248 

,7'332 

,7*4*6 
,71500 

iZ1!8.! 

8 


,06361 

,664155 
,06549 
,6664s 
,66736 
,66829 
,6692a 

,67or5 

,67ioS 
,67200 

,07293 

,67385 
,67477 

,67569 
,6766a 

,6775a 
,67843 

,67934' 
,68024 
,68115 

,68205 
,68296 
,68386 
,68476 
,68565 
,68655 
,68744 

,68833 
,68*922 
,69  c  il_ 

,69099 
,69188 
,69276 

,69364 
,6945a 

,69539 
,6962.7 
,69714 
,69801 
,69888 

16*9975 
,7006a 
,70148 
,70234 
,70320 
,70406 
,7049s 

,7°578 
,70663 
.,70748 

>70834 
,70918 
,71003 
,71088 
,7117a 
,71256 

,7J34r 

,7X4*25 
,71508 
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ABLE 

Of  LOGAR 

ITHMS 

*  Hf 

l. 

Numbers  from  5200  to  5800.  Logs,  from  ,71600  to  ,76343. 

•  No 

0 

_i_U- 

_3 

_4 

_5 

6 

7 

8 

9 

520 

,71600 

,71609 

,7*6*7 

,71625 

,71634 

,71642 

,71650 

,71659 

,7*667 

,7*675 

J2I 

,71684 

,71692 

,71700 

,71709 

,7*7*7 

,7*725 

,7*734 

,71742 

,71750 

,7*759 

52Z 

,7*767 

,7*775 

,71784 

,7*792 

,71800 

,7*809 

,71817 

,71825 

,7*834 

,71842 

5^3 

,71850 

,71858 

,71867 

,7*875 

,7*883 

,71892 

,71900 

,71908 

,71916 

,7*925 

5*4 

,7*933 

,7*941 

,71950 

,7*958 

,71966 

,7*974 

,71983 

,7*99* 

,71999 

,72008 

52=; 

,72016 

,72024 

,72032 

,72041 

,72049 

,72057 

,72065 

,72074 

,72082 

,72090 

526 

,71099 

,72107 

,72115 

,72123 

,72132 

,72140 

,72148 

,72156 

,72165 

,72173 

5*7 

,72181 

,72189 

5.72197 

,72206 

,72214 

,72222 

,72230 

,72239 

,7**47 

,7*255 

528 

,72263 

,72272 

,72280 

,72288 

,72296 

,72304 

,72313 

,72321 

,72329 

,72337 

5^9_ 

,72346 

,72.354 

,72362 

,7*370 

>22j2}\ 

172387 

>7}V?J_ 

>J?±°J_ 

,72411 

,7*4*9 

53o 

,72428 

,72436 

,72444 

,72452 

,72460 

,72468 

,72477 

,72485 

,7*493 

,72501 

53i 

,72509 

,72518 

,72526 

.72534 

,72542 

,72550 

,72558 

,72567 

,7*575 

,72583 

53* 

>7259J 

,72599 

,72607 

,72616 

,72624 

,72632 

,72640 

,72648 

,72656 

,72665 
,72746 

533 

,7*673 

,72681 

,72689 

,72697 

,72705 

,727*3 

,72722 

,7273° 

,72738 

534 

,72754 

,72762 

,72770 

,72778 

,72787 

,72795 

,72803 

,72811 

,72819 

,72827 

535 

,7*835 

,72843 

,72852 

,72860 

,-.2868 

,72876 

,72884 

,72892 

,72900 

,72908 

536 

,72916 

,72925 

,72933 

,72941 

,72949 

,72957 

,72965 

,72973 

,72981 

,72989 

537 

572597 

,73°°5 

,73°*4 

,73022 

,73°3° 

,73038 

,73046 

,73054 

,73062 

,73070 

538 

,73078 

,73086 

,73094 

,73102 

,73110 

,73**9 

,73*27 

,73*35 

,73*43 

,73*51 

51i. 

,73*59 

,73l67 

'23221 

•73_i8_3 

>_73*9* 

23±92. 

,73207 

,73215 

,73223 

,7323» 

•  54o 

,73239 

,73247 

>73*5<; 

,73263 

,7327' 

,73280 

,73288 

.73296 

,73304 

,733'i 

541 

,73320 

,733*8 

,73336 

,7.3344 

'73352 

,73360 

,73368 

,73376 

,73384 

,7339* 

542 

,73400 

,73408 

,734*6 

,73424 

,7343* 

,7344° 

,73448 

,73456 

,73464 

,7347* 

543 

,7348c 

,73488 

,73496 

,73;04 

,735*2 

,73520 

,73528 

,73536 

,73544 

,7355* 

544 

,7356° 

,73568 

,73^76 

,73584 

,73592 

,73600 

,73608 

,73616 

,73624 

»7363* 

545 

,73640 

,73648 

,73656 

,73663 

,7367' 

,73679 

,73687 

,73695 

>737°3 

,737** 

S46 

,737*9 

,73727 

,73735 

,71743 

,7375* 

,73759 

,73767 

,73775 

,71783 

,7179* 

547 

.73799 

,73807 

,738iS 

,73822 

,73830 

,73838 

,73846 

,73854 

,73862 

,73870 

548 

,73878 

,73886 

,73894 

,739°2 

,739io 

,739'S 

,73926 

,73933 

,7394i 

,73949 

549 

.73957 
,74036 

,73965 
,74044 

,73973 
,74c'52 

,73981 
,74060 

,73989 
,74068 

,73997 
,74076 

,74005 
,74084 

,74013 
,74091 

,74020 

,74028 

55o 

,74099 

,74'07 

55i 

,74* '5 

,74'*3 

,74131 

,74139 

,74'47 

,74*55 

,74162 

,74*70 

,74*78 

,74186 

552 

,74194 

,74202 

,74210 

,74217 

,-4225 

,74*3  3 

,74241 

,7+249 

,74257 

,74*65 

553 

,74272 

,74280 

,74288 

,74296 

,743°4 

,743*2 

,74320 

,74327 

-74315 

,74343 

554 

>7435J 

,74159 

,74367 

,7+374 

,74382 

,74390 

,74398 

,74406 

,744*4 

,M42i 

555 

,74429 

,74437 

,7444^ 

,74453 

,7446i 

,74468 

,74476 

,74484 

,74+92 

,745°° 

556 

>745°7 

,745*5 

,74523 

•7453* 

,74539 

.74546 

,7+554 

,74562 

,7457o 

,74578 

557 

.745s5 

,74593 

,74601 

,74609 

,7+617 

,74624 

,74632 

,74640 

,74648 

,74656 

558 

,74663 

,7467* 

,74679 

,74687 

,74694 

,74702 

,747*° 

,747i8 

,747*6 

,74733 

559 

J74741 

,74749 

,74?57. 

,_74764_ 

>7477a 

,74780 

,74788 

,74795 

,74803 

,74811 

«;6o 

,74819 

,74827 

,74834 

,74842 

,74850 

,7485-8 

,74805 

,74873 

,74881 

,74888 

5^1 

,74896 

,74904 

,74912 

,749'9 

,74927 

,74935 

,74943 

,749  50 

,7+958 

,-4966 

562 

.74974 

,74981 

,74989 

,74997 

,75004 

,75012 

,75010 

,75028 

,7503  5 

,75°4J 

5<>3 

,75051 

,750^9 

,75066 

,75074 

,75082 

,75089 

,75-"97 

,75io5 

,75*i* 

,7S**° 

5*4 

,75128 

,75*36 

,75*43 

,75*5* 

,75*59 

,75*66 

,7  5*74 

,75182 

.75*39 

,75*97 

565 

,752°5 

,75**2' 

,7J220 

,75228 

,75236 

,75*41 

,7525* 

,71259 

,75266 

,75*74 

566 

,75282 

,77289 

,75297 

,75305 

,753*2 

,75320 

,75128 

,75335 

,75343 

,7535* 

567 

,75358 

,75366 

,75374 

,7538i 

,75389 

,75397 

,754H 

,754*2 

,754*9 

,75427 

568 

,7543 5 

,75442 

,7545' 

,75458 

,75465 

,75473 

,7548i 

,75488 

,75496 

,75503 

569. 

,755" 

iHTiL 

>75<?g 

,75534 

,7554* 

,75-49 

.75557 

,7  5:'6s 

,75;7* 

,7558o 

57© 

,7f5»7 

,75595 

,756o3 

,7f6io 

,756iS 

,75626 

,75633 

,7;,64i 

,75648 

,75656 

57i 

,75664 

,7567' 

,75679 

,75686 

,75694 

,75702 

>757°9 

,757*7 

,75724 

'7SVt 

572 

,7574° 

,75747 

,75755 

,75762 

,7577* 

,75777 

,757S5 

,75793 

,758-0 

,75808 

573 

,758-5 

/75823 

,7^831 

,75838 

,75846 

,75854 

,75861 

,75868 

,7;876 

,75884 

574 

,75891 

,75899 

,75906 

,759*4 

,75921 

»75929 

,75937 

,75944 

,759  52 

,75959 

575 

,75967 

,75974 

,75982 

,75989 

,75997 

,76004 

,76112 

,76:20 

,76027 

,76o35 

57<5 

,76042 

,76050 

,76057 

,76065 

,76072 

,76080 

,76087 

,76095 

,76102 

,761*0 

577 

,76118 

,76125 

,76133 

,76140 

,76148 

,76155 

,76 [62 

,76170 

,76178 

,7618c 

578 

,76193 

,76200 

,76208  ' 

,76215 j 

,76223 

,76230 

,762 ]8 

,76245 

,76253 

,76260 

579 

,76268 

.76275 

,76283  1 

,762901 

,76298! 

,76305 

,763'! 

,76320 

,76328 

,76334 

N« 

oi< 

a   1 

i       » 

4   I 

S   ' 

fr   1 

7 

»   1   9 

Table  of  Logarithms)     1151.' 
Numbers  from  5800  to  6400.     Logs,  from  ^6343  to  ,80618. 


N° 

0 

I 

2 

_  3 

4; 

5 

6  , 

7  ■ 

8 

9 

580 

,76343 

,7<S350 

,76358 

,76365 

>76373 

,76380 

,76388 

,76395 

,76403 

.76410 

581 

,76418 

,764a5 

,76433 

,76440 

,76447 

,76455 

,76462 

,76470 

,76477 

.76485 

•82 

,76492 

,76500 

»765c7 

»765I5 

,76522 

j7653° 

.76537 

,76544 

,76552 

.76^59 

583 

,76567 

,76574 

,76582 

,76589 

.76597 

,76604 

,76611 

,76619 

,76626 

,76634 

584 

,76641 

,76649 

,76656 

,76664 

,76671 

,76678 

,76686 

,76693 

,76701 

,76708 

5*5 

,76716 

,76723 

,76730 

,76738 

,76745 

,76753 

,76760 

,76767 

,76775 

,7678a 

586 

,76790 

,76797 

,76804 

,76812 

,76819 

,76827 

,76834 

,76842 

,76849 

,6856 

587 

,76864 

,76871 

,76879 

,76886 

,76893 

,76901 

,76908 

,76916 

,76923 

,76930 

588 

>76938 

,76945 

,7695* 

,76960 

,76967 

,76975 

,76982 

,76989 

,76997 

,77004 

589 

,77011 

,77OI9 
,77093 

,77026 

»77034 

,7704* 
,77«I5 

,77048 

,770<;6 
,77129 

'27—2. 
,77137 

,77070 

,77073 

59° 

,77085 

,77100 

,77107 

,77122 

,77H4 

.77151 

59' 

»77»59 

,77166 

,77173 

,77181 

,77'83 

,77J95 

,77203 

,77210 

,771-i7 

,77225 

59* 

,77*32 

,77239 

,77247 

,77254 

,77261 

,77269 

,77276 

,77283 

,77291 

,77298 

593 

>772°f 

,773*3 

,77320 

,77327 

.77335 

,77342 

,77349 

,77357 

,77i64 

,77371 

594 

,77379 

,77386 

,77393 

,774oi 

,77408 

,774*5 

,77422 

>7743° 

,77437 

,77444 

595 

,77452 

,77459 

,77466 

,77474 

,77481 

,77488 

,77495 

.77503 

,775io 

,77517 

596 

.775*5 

,77532 

,77539 

,77546 

,77554 

,7756i 

,77568 

,77576 

,77583 

,77590 

597 

.77597 

,77605 

,77612 

,77619 

,77626 

,77634 

,77&4i 

,77648 

,77656 

,77663 

«9» 

,77670 

,77677 

,77685 

,77692 

,77699 

,77706 

,777*4 

,77721 

,77728 

,77735 

599 

>77743 

,7775° 

|777S7 

£777_6_4 

,77772 

'27271 

,77786 

,77193 

iZZ^01 

,77808 

600 

>778i5 

,77822 

,77810 

,77837 

,77844 

,77851 

,77858 

,77866 

,77873 

,77880 

601 

,77887 

,7789s 

,77902 

,77909 

,77916 

,77924 

,7793* 

,77938 

,77945 

,7795* 

602 

,77960 

,77967 

,77974 

,77981 

,77988 

,77996 

,78003 

,78010 

.78017 

,78024 

603 

,78032 

,78039 

,78046 

,78053 

,78060 

,78068 

.78075 

,78082 

,78089 

,78096 

604 

,78104 

,78m 

,78118 

,78125 

,78132 

,78140 

,78147 

,78154 

,78161 

,78168 

605 

.78175 

,78183 

,78190 

,78197 

,78204 

,78211 

,78219 

,78226 

,78233 

,78240 

606 

,78247 

,78254 

,78262 

,78269 

,78276 

,78283 

,78290 

,78297 

,78305 

,7831* 

607 

»783»9 

,78326 

,78333 

,78340 

,78347 

.78355 

,78362 

,78369 

,7*376 

,78383 

608 

,78390 

,78397 

,78405 

,78412 

,78419 

,78426 

,78433 

,78440 

,78447 

,78455 

609 

,78462 

,78469 
,78540 

,78476 

,78483 
,78554 

,78490 
,78561 

■■,78497 

,78504 
,78576 

,78512 
,78583 

,7_8_5_i9 
,78590 

,78526 

610 

'78533 

,78547 

,78569 

,78597 

611 

,78604 

>7?6u 

,78618 

,78625 

,78632 

,78640 

,78647 

,78654 

,78661 

,78668 

612 

,78675 

,78682 

,78689 

,78696 

,787-3 

.787" 

,78718 

,78725 

,78732 

,78739 

613 

,78746 

J78753 

,78760 

,78767 

,78774 

,787s! 

,78788 

,78796 

,78803 

,7881a 

614 

,78817 

,7S8i4 

,78831 

,78838 

,78845 

,78852 

,78859 

,78866 

,78873 

,7888a 

615 

,78887 

,78895 

,78902 

,78909 

,78915 

,78923 

,78630 

,78937 

,78944 

,78951 

616 

,78958 

,78965 

,78972 

,78979 

,78986 

,78993 

,79000 

,79007 

,79014 

,79021 

617 

,79028 

,79036 

,79°43 

,79050 

,79057 

,79064 

,79071 

•79078 

,79-85 

,79001 

€18 

,79099 

,79106 

,79^3 

,79120 

,79127 

,79134 

,79141 

,79148 

'79*55 

,7916* 

£19 

,79'69 
,79*39 

,79176 
,79246 

,79'83 
,79*53 

iZ£12°_ 
,79260 

,79197 

,79204 

,79211 

,79218 
J7-9288" 

,79225 
,79-295 

,7923* 

620 

,79267 

,79274 

,79281 

,7930a 

621 

,793°9 

,79316 

,79323 

,7933° 

,79337 

,793+4 

,7935J 

,79358 

>79365 

,7937s 

622 

,9379 

,79386 

,79393 

,79400 

,79407 

,794>4 

,79421 

,79428 

,79435 

,7944* 

623 

,79449 

,79456 

,79463 

,79470 

,79477 

,79484 

,79491 

,79498 

>795°4 

,795** 

624 

,795«8 

.79525 

,79  532 

,79539 

,79546 

,79553 

,79560 

,79567 

,79574 

,7958r 

621 

,79588 

,79595 

,79602 

,79609 

,79616 

,79623 

,79630 

,79637 

,79644 

,70650 

626 

,79657 

,79664 

,79671 

,79678 

,79685 

,79692 

,79699 

,79706 

,797*3 

,79720 

627 

,797*7 

,79734 

,79741 

,79747 

,79754 

,79761 

,79768 

,79775 

,79782 

,79789 

628 

,79796 

,79803 

,79810 

,79817 

,79824 

,79830 

,79837 

,79844 

,79851 

,79858 

629 

il92<_i 
,7993+ 

,79872 

,79*79 
,79948 

,79886 

,79893 

,79962 

,79900 
,79968 

,79906 

,79913 

,79920 

,79927 

630 

,79941 

,79955 

,79975 

,79982 

,79989 

,79996 

63I 

,80003 

,80010 

,80017 

,80024 

,80030 

,80037 

,80044 

,80051 

,80058 

,80065 

63.. 

,80072 

,80079 

,80085 

,80092 

,80099 

,80106 

,80113 

,80120 

,80127 

,80133 

633 

,8^140 

,80147 

,80154 

,80.161 

,80168 

,80175 

,80181 

,8oi8S 

,80195 

,8ozoa 

634 

,8.200 

,80216 

,80123 

,80229 

,80237 

,80243 

,8o2so 

,80257 

,80264 

,80270 

635 

,80277 

,80284 

,80291 

,80298 

,80305 

,80312 

,80318 

,80325 

,80332 

,80339. 

616 

,80346 

,80352 

,80359 

,80366 

,80373 

,30380 

,80387 

,8o393 

,804:0 

,80407 

637 

,80414 

,80421 

,80428 

,80434 

,80441 

,80448 

,80455 

,80402 

,80468 

,80475 

638. 

,80482 

,80489 

,80496 

,80502 

,80^09 

,80516 

,8052^ 

,«A53° 

.-S053" 

,80543 

639 

,80550 

,8=557 

,80^64 

,8057° 
.3 

,80577 

,?-584 

>8?59* 

,80598 

,So6oj- 

,8c6n 

N° 

O    1 

I   1 

~%       i 

4 

■5 

6     7 

9 

574 

Table 

of  Logarithms 

,   1151. 

Numbers  from  64CO  to  7000.  Logs,  from  ,80618  to  ,845  io\ 

N° 

0 
,80618" 

1 

,80625 

2 
,80632 

...3 
,80638 

.  4,  ; 
,80645 

_5 

,80652 

6 

7  ' 

8   1 

9 

,806751 

640 

,80659 

,§0665 

,80672 

64» 

,80686 

,80693 

,80699 

,80706 

,80713 

,80720 

,80726 

.80733 

,80740 

,80747 

642 

,80753 

,80760 

,80767 

,80774 

,80781 

,80787 

,80794 

,80801 

,80807 

,8:814 

643 

,80821 

,80828 

,80835 

,80841 

,80848 

,80855 

,80862 

,80868 

,80875 

,80882 

644 

,80889 

,80895 

,80902 

,80909 

,8c9i5 

,8^922 

,80929 

,80936 

,80942 

,80949 

645 

,80956 

,80963 

,89969 

,8^037 

,80976 

,80983 

,80990 

,80996 

,81003 

,8roio 

,81016 

646 

,81023 

,81030 

,81043 

,81050 

,81057 

,81064 

,•81070 

,81077 

,81084 

€47 

,81090 

,81097 

,31104 

,8iin 

,81117 

,81124 

,81131 

,81137 

,81144 

,81151 

€48 

,81157 

,81164 

,81171 

,81178 

,81184 

,81191 

,81198 

,81204 

,81211 

,812*8 

649 

,81224 
,81291 

,81231 
,81298 

,81238 

,81305 

,81244 
,81311 

,81251 
^81318 

,81258 
,81325 

,81265 

,81271 

,81278 

,81285 

650 

,81331 

,8.338 

,81345 

,81351 

651 

,81358 

,81365 

,81371 

,81378 

,81385 

,81391 

,81398 

,81405 

,81411 

,81418 

652 

,81425 

,81431 

,81438 

,81445 

,81451 

,81458 

,81465 

,81471 

,81478 

,81485 

653 

,81491 

,81498 

,8.505 

,81511 

,81518 

,81525 

Mm 

,81538 

,81544 

,81551 

654 

,81558 

,81564 

,81571 

,81578 

,81584 

,81591 

,81598 

,81604 

,81611 

,81617 

«55 

,81624 

,81631 

,81637 

,81644 

,81651 

,81657 

,81664 

,81670 

,81677 

,81684 

•56 

,81690 

,81697 

,81704 

,81710 

,8.7,7 

81723 

,81730 

,81737 

,81743 

,81750 

657 

>8i756 

,81763 

,81770 

,81776 

.8-783 

,81790 

,81796 

,81803 

,81809 

,81816 

65S 

,81823 

,81829 

,81836 

,81842 

,81849 

,8.856 

,81862 

,81869 

,81875 

,81881 

659 

,8r888 
,81954 

,81895 

,Si9c2 
,Ti767 

,81908 

.8*9'5 
,81981 

,81921 
781987 

,81928 
,81994 

,8i935 
,82000 

,81941 

,82007 

,81948' 

«6o 

,81961 

,8'974~ 

,82014 

661 

,8-02D 

,82027 

,82033 

,82040 

,82046 

,82053 

,82059 

,82066 

,^2073 
,82138 

,82079 

062 

,82086 

,82092 

,82099 

,82105 

,82112 

,831 19 

,82125 

,82132 

,82145 

£63 

,82151 

,82158 

,82164 

,82171 

,82177 

,82184 

,82191 

,82197 

,82204 

,82210 

664 

,82217 

,82223 

,82230 

,82236 

,82243 

,82249 

,82256 

,82263 

,82269 

,*227« 

665 

,82282 

,82289 

.82295 

,82302 

,82308 

.82315 

,82321 

,82328 

,82334 

,8234? 

666 

>82347 

,82354 

,82360 

,82367 

,82373 

,82380 

,82386 

,82393 

,82400 

,8240$ 

667 

,82413 

,82419 

,82426 

,82432 

,82439 

,82445 

,82452 

,82458 

,82464 

,82471 

66S 

,82478 

,82484 

,82491 

,82497 

,82504 

,82510 

,82517 

,82523 

,82529 

,82536 

669 

,82543 

,83549 

,82556 

,82562 

,82569 

,82575 

,82581 

,82588 

d2-i94 

,82601 

670 

,82607 

,82614 

,82620 

,82627 

782633" 

5X2640 

,82646 

,82653 

,82659 

,82666 

€71 

,82672 

,82679 

,82685 

,82692 

,82698 

,82704 

,82711 

,82717 

,82724 

,82730 

672 

,82737 

,82743 

,82750 

=82756 

,82763 

,82769 

,82776 

,82782 

,82789 

,82795 

673 

,82801 

,82808 

,82814 

,82821 

,82827 

,82834 

,82840 

,82847 

,82853 

,82859 

674 

,82866 

,82872 

,82879 

,82885 

,82892 

,82898 

,82905 

,82911 

,82917 

,82924 

675 

,82930 

,82937 

,82943 

,82950 

,82956 

,82962 

,82969 

,82975 

,82982 

,82988" 

676 

,82995 

,83001 

,83007 

,83014 

,83020 

,83027 

,83033 

,83040 

,83046 

,8305* 

677 

>83°59 

,83065 

,83072 

,83078 

,83084 

,83091 

,83097 

,83104 

,83110 

,83117 

678 

,83123 

,83129 

,83136 

,83142 

,83149 

,83155 

,83161 

,83168 

,83174 

,83l8f 

«79 

diiiZ. 

,83193 

,23200 

,83206 

,85212 

,83219 

,832*5 

,83232 

,83238 

,33244 

680 

,83251 

,83257- 

^3^64" 

,83270 

783T76 

,83283 

783289 

,83296 

,83302 

,83308 

681 

>S33i5 

,83321 

.83327 

,83334 

,83340 

,83347 

.83353 

,83359 

,83366 

,8337* 

682 

»83378 

,83185 

,8339' 

,83397 

,83404 

,83410 

.834*7 

,83423 

,83429 

,83436 

683 

,83442 

,83448 

,8345s 

,83461 

,85467 

,83474 

,83480 

,83487 

,83493 

,83499 
,83563 
,83626 

684 

,83^06 

,835" 

,83518 

,83525 

,83531 

,83537 

,83544 

,83550 

,835^ 

685 

,83569 

,82575 

,83582 

,83588 

.83594 

,8360. 

,83607 

,83613 

,83620 

686 

,83632 

,83639 

,83645 

,83651 

,83658 

,83664 

,83670 

,83677 

,83683 

,83689 

687 

,83696 

,83702 

,83708 

.83715 

,83721 

,8372/ 

,83734 

,83740 

,83746 

,837S* 
,838.6 

688 

.83759 

,8376s 

,83-71 

,83778 

,83784 

,83790 

,83797 

,83803 

,83809 

689 

,83822 

,83828 

,83834 

,83841 

,83847 

,83853 

,83860 

,83866 

,33872 

,83879 

690 

,83885 

,83891 

.83897 

,83904 

,83910 

,83916 

,839^3 

,83929 

,83935 

,83941 

691 

,83948 

,83954 

,83960 

,83967 

,83973 

,S3979 

,83985 

,83992 

,83998 

,84004 

692 

,84011 

,84017 

,84023 

,84029 

,84036 

,84042 

,84048 

,84054 

,84061 

,84067 

693 

,84073 

,84080 

,84086 

,84092 

,84098 

,84705 

,84m 

,84117 

,84123 

,8413» 

694 

,84136 

,84142 

,84148 

,84155 

,84161 

,84167 

,84'73 

,84180 

,84186 

,84192 

695 

,84198 

,84205 

,84211 

,842.7 

,84223 

,84230 

,84236 

,84242 

,84248 

,84254 

696 

,84261 

,84267 

,84'-73 

,84280 

,84280 

,84292 

,84298 

,84305 

,843  " 

.8431? 

697 

,84323 

,84329 

,8433h 

,84342 

,84348 

,84354 

,84361 

,84367 

,84373 

,84379 

698 

,84385 

,«4392 

,84308 

,84404 

,84450 

,84417 

,84423 

,84429 

,84435 

:,<444« 

659 

,84448 
0 

^445^4 

1 

,$4460 
2 

,84466 
3 

,84473 
4 

5  ' 

,84485 
6 

iitt?JL 
7 

,84497 

litSSS 

*N« 

2 

9  ~" 

Table  of  Logarithms,     1151.  tys 

Numbers  from  7000  to  7600.    Logs,  from  ,84510  to  ,88081, 


84510 
84572 
84634 
84695 

84757 
84819 
84880 

84942 
85003 
85065 


85126 

85187 
85248 
85309 
8537P 
85431 
85491 
85552 
85612 
«5673 


,84516 

,84578 
,84640 
,84.701 

>84763 
,84825 
,84887 

,84948 
,85009 
,85071 


85733 
?5793 
85*54 
85914 

85974 
86034 
86094 
86153 
86213 
86273 

36117 
86392 

8H51 
86510 
S6570 
86629 


86747 
86806 
86864 


86923 


87040 
87099 
87157 
87216 
87274 
87332 
87390 
87448 
87506 

87564 
87622 
87679 

87737 
87794 
87852 
87910 
87967 
88024. 


,85132 

385193 
,85254 

,85315 

,85376 

,85437 
,85497 
.85558 
,85618 
,85679 
,85739 

j?5799 

,85860 
,85920 
,8,-980 
,86040 
,86100 
,86159 
,86219 
,86279 


,84522 
,84584 
,84646 
,84708 
,8477° 
,84831 
,84893 
,84954 
,85016 
,85077 


,86338 
,86398 
.85457 
,86516 

',#575 

,86635 

,86694 

,86753 
,86811 
,86870 

,86929 
,8698s 
,87046 
,87105 
,87163 
,87221 
,87280 

,87338 

,87396 

,8.7454 
,87512 

,87570 
,87628 
,87685 

,87743 
,87800 
,87858 
,879*5 
,87973 
,88030 

l~ 


,85138 
,85199 
,85260 
,85321 
,85382 
,85443 
>f55°3 
»85564 
,85624 

,8568j. 

,85747 

,85806 
,85866 
,85926 
,85986 
,86046 
,86106 
,86165 
,86225 
,86285 
86344 
,864:4 
,86463 
865 ,2 
86581 
86640 
,86700 
86758 
86817 
,$6876 


.  3  - 
,84528 
,84590 
,84652 
,84714 
,84776 

,84837 


,86935 
,86993 
,87052 
in 
,87169 
,87227 
,,87285 

>87344 
,87402 
,87460 


,87518 

^7576 
,87633 
,87691 

,87749 
,87806 
,87864 
,87921 
,87978 
,88036 


,84960 
,85022 
,85^83 

,85  '-.'4 

,85205 
,85266 
,85327 
,85388 

,s5449 
,85509 
,85570 
,85631 
,85691 

,3>75i 
,85-312 

,S5<72 

»5  932 

,33991 

,80052 

,36ll2 

,8617: 
,80231 
,86291 

3675o" 
,56410 
,86469 
,86528 
,86587 
,86646 
,36705 
,86764 
,86823 
,86882 

,86941 
,86999 
,87058 
,87116 
,87175 
,87233 
,87291 

,37349 
,37408 
,87466 

,87523 
,87581 
,87639 

,87697 

,877*4 
,87812 
,87869 

,87927 
,87984 
,S8o4i 


_4 

,84535 
,84596 
,84658 
,84720 
,84782 
,84843 
,84905 
,84960 
,85018 
,85080 


1  ft  1 


,85150 
,85211 
,85272 
,85333 
,85394 
,3545^ 
,85516 

,85576 
,85637 
,35697 

,85757 
,35818 
,85878 

,S  958 

,85998 

,36058 

,S6u8 

,86177 
,86237 
86297 
80357 
,86415 
,86475 
,86534 

, 86593 
,86652 
,86711 
6770 
,86829 
,86888 

,86947 
87005 
,87064 
,87122 
,87181 
,87239 
,87297 
,87355 
,87413 
,87471 

,87529 
,87587 
,87645 
,3.7702 
,87760 
,87818 
,87875 
,87932 
,87990 
,88047. 

\      \ 


5  . 

,84541 
,84602 
,84665 
,84726 
,84788 
,84850 
,84911 

,84973 
,85034 

,85095 
,85156 
,85217 
,85278 

,85339 

,85400 
,85461 
,85522 
,85582 
,85643 

,85703 

,85763 
,85824 
,85884 
,8;g44 
,86004 
,86064 
,86124 
,86183 
,86243 
,86302 


,86362 
,86421 
,86481 
"'540 


,80658 
,S57i7 

,86776 
,368q5 
^86894 

,86952 
,87011 
,87070 
,87128 
,87186 
,87245 
,87303 
,87361 
,87419 
»87477 


,87535 
,87593 
,87651 
,87708 
,87766 
,87823 
,87881 
,87938 
,87996 
,88052 


,84547 
,84609 
,84671 

,84733 

,84794 
,84856 
,84917 
,84979 
,85640 
,85101 

,85162 

,85224 
,85285 
,85345 
,85406 
,8  5467 
,85528 
,8,588 
,85649 
,85709 
,85769 
,85830 
,85890 
,85950 
,86010 
,86070 
,86130 
,'6189 
,86249 
,86308 

J6368 
^86427 
,86487 
,86546 
,86605 
,86664 
,86723 
,86782 


,86900 


,87017 
,87075 
,87134 
,87192 
,87251 

,873:9 
,87367 

,87425 
,87483 

,8754i 
,37599 
,87656 

,877 J4 
,87772 
,87829 
,87887 
,87944 
,88001 
,88058 


,84553 
,£4615 
,84677 

,84719 
,84800 
,84862 
,84923 
,84985 
,85046 
,85107 
,85169 
,85230 
,85291 

,85352 
,85412 

,85+73 
,85534 
,8,594 
,85655 

,85715 

,8577s 
,85836 
,85896 
,85956 

,3ooi6 
,86076 
,86135 
,86195 
,86255 
,86314 
,^6374 

.86433 
,86493 

,86552 
,86611 
,86670 
,867.9 
,86788 
,86*47 
,86906 
,86964 
,87023 
,87081 
,87140 
»S7,98 
,87256 
,87315 

>87373 
,87431 
,87489 

,37547 
,87604 
,37662 
,87720 
,87777 
,87835 
,87892 

,37950 
,88007 
,S8o54 


,84559 
,84621 
,84683 

,84745 
,84807 


,84930 
,84991 
,85052 
,85114 

,85175 
,85236 

,85297 
,85358 
,85418 
.85479 
,85543 
,85600 
,85661 
,85721 


,85781 
,85842 
,85902 
,85962 
,86022 
,86082 
,86141 
,86201 
,86261 
,86320 


,86380 
,864  39 
»86498 
,86558 
,86617 
,86676 

,86735 
,86794 

,86853 
,86911 

,86970 
,87029 

,8.7087 

,87146 

,87204 
,87262 

,87320 
,87378 

,87437 

,37494 

,87552 
,87610 
,87668 
,877*6 
,87783 
,87841 
,87898 

,87955 

,88013 
,88070 


_9 

,84566 
,84627 
,84689 

>8475? 
,84813 
,84874. 
,8493$ 
,84997 
,8505$ 
£512.01 

,85181 
,8524* 

,85303 

.85364 
,85424 

,85485 

,8554$ 
,85606 
,85667 
,85727 
,85787 

,85848 
,85908 
,8596$ 
,86028 
,86o83> 
,86147 
,86207 
,86267 
,8632s 


,86386 
,86445 
,86504 

,86564, 
,86623 
,8668$ 
,86741 
,86800 
,86859 
,86917^ 

,86976 

,87034 
,87093 
,8715s 
,87210 
,87268 
,87326 
,87384 
,8744a 

,8775? 
,87616: 

,87674 
,87731; 
,8.778? 
,87846 
,87904 
,87961 
,3.8018 
,38076 


576  Table  of  Logarithms,     1151.' 

Numbers  from  7600  to  8200.    Logs,  from  ,88081  to  ,91381. 


N° 

0 

I 

■   4 

3 

•  4 

_5 

,88110 

6 

7_ 

,88121 

8 

,88127 

9 

^kT 

,3So3i 

5880S7 

,88093 

:,8oog8 

,88104 

,88116 

,88133 

761 

,88138 

,88144 

,88150 

,88156 

,88161 

,88167 

,88173 

,88178 

,88184 

,38190 

762 

,88195 

,88201 

,88207 

,88213 

,88218 

,88224 

,88230 

,88235 

,88241 

,88247 

763 

,88252 

,88158 

,88264 

,88269 

,88275 

,88281 

,88287 

,88292 

,88298 

,88304 

764 

,88309 

,283,5 

,88321 

,88326 

,88332 

,88338 

,88343 

,88349 

,88355 

,8836a 

76* 

,88366 

,88372 

,88377 

,88383 

,88389 

,88394 

,88400 

,88406 

,88411 

,88417 

76b 

,88423 

,88428 

,88434 

,88440 

,88445 

,88451 

,88457 

,88462 

,88468 

,88474 

767 

,82479 

,88485 

,88491 

,88496 

,88502 

,88508 

,88513 

,88519 

,88525 

,88530 

768 

,88536 

,88542 

,88547 

,88553 

,88559 

,88564 

,88570- 

,88576 

,88581 

,88587 

769 

,88.93 

,88598 

,88604 

,88610 

,88615 

,88621 

,88626 

,88632 

,88638 

,88643 

770 

,88649 

,88655 

,88660 

,88666 

,88672 

,88677 

,88683 

,88688 

,88694 

,887co" 

771  ' 

,88705 

,88711 

,88717 

,88722 

,88728 

,88734 

,88739 

,88745 

,88750 

,88756 

772 
773 

,88762 

,88767 

.•88773 

.88779 

,88784 

,88790 

,88795 

,8880] 

,88807 

,888  is 

,88818 

,88824 

,88829 

,88835 

,88840 

,88846 

,8885a 

,88857 

,88863 

,88868 

774 

,8S374 

,88880 

,88SS5 

,88891 

,88896 

,88902 

,88908 

,88913 

,88919 

,88925 

77^ 

,88930 

,88956 

,88941 

,88947 

,88954 

,88958 

,88964 

,88969 

,88975 

,88981 

776 

,88986 

,88992 

,8:8997 

,89003 

,89009 

,89014 

,89020 

,89025 

,89031 

,89036 

777 

,8904a 

,89C48 

,89053 

,89059 

,89064 

,89070 

,89075 

,89081 

,89087 

,89092 

778 

,89098 

,89103 

,89109 

,89115 

,89120 

,89126 

,89131 

,89137 

,89143 

,89148 

779 

,89154 

,89159 

,89165 

,89170 

,89*76 

,8918a 

,89187 

,89193 

,89198 

,89204 

786 

,89209 

,89215 

,89-121 

,89226 

,89232 

,89237 

,89243 

,89248 

,89254 

,89259 

781 

,89265 

,89271 

,89276 

,89282 

,89287 

,89293 

,89298 

,89304 

,89310 

»893x5 

782 

,89321 

,89376 

,89332 

,89337 

,89343 

,89348 

,89354 

,89359 

,89365 

,89371 

783 

,89376 

,89382 

,89387 

>89393 

,89398 

,89404 

,89409 

,89415 

,89420 

,894:6 

784 

,89432 

,89437 

,39-Hi 

,89448 

,89454 

,895S9 

,89465 

,89470 

,89476 

,89481 

785 

,89487 

,89492 

,89498 

,89504 

,89509 

,89515 

,89520 

,89526 

,8953' 

,89537 

786 

>89542 

,89548 

,89553 

,89559 

,89564 

,89570 

,89575 

,89581 

,89586 

,89  92 

787 

•89597 

,89603 

,8q6o8 

,89614 

,89619 

,89625 

,89631 

,89636 

,89642 

,89647 

7KS 

,8965: 

,89658 

,89664 

,89669 

,8967^ 

,89  80 

,89686 

,89691 

,89697 

,8970a 

789 

,8970s 

189713 

,89719 

,89724. 
,89779 

,8.5730 

,89735 
,89790 

■8974' 
,89796 

,89746 

',89752 

,897S7 

790 

,89762 

,89768 

>*9774 

,8978;, 

,89801 

,89807 

,89Si2 

791 

,898)8 

,89823 

,89829 

,89834 

,89840 

,89845 

,8985, 

,89856 

,8986: 

,89867 

792 

,89872 

,89878 

,89883 

,89889 

,'89894 

,89900 

,89905 

,89911 

,899  16 

,89922 

793 

,89917 

,89933 

,89938 

,89944 

,89949 

,89955 

,89960 

,89966 

,89971 

,89977 

794 

,•89982 

,89987 

,89993 

,89998 

,90004 

,90009 

,90015 

,90020 

,90026 

,90031 

795 

,9003- 

,90042 

,9co48 

,9co53 

,90059 

,90064 

,90069 

,9°°75 

,90080 

,90085 

796 

,90091 

,9009-) 

,90102 

,90108 

,90113 

,90119 

,90124 

,90129 

,9OI3f 

,90141 

797 

,90146 

,90-151 

»&°I57 

,90162 

,90168 

,90173 

,90178 

,90184 

,90189 

,90195 

798 

,90200 

,90206 

,90211 

,90217 

,90222 

,90227 

,90233 

,90238 

,90244 

,90249 

799 

,90- 55 
,90309 

,90260 
,90314 

,90265 

,90271 

,90275 

,90282 

,90287 

,90293 

,90298 

,90304 

800 

,90320 

j90325 

,90331 

,90336 

,9034a 

,90347 

,90352 

,90358 

801 

,90363 

,90369 

>9°374 

,90379 

,90385 

,90390 

,90396 

,90401 

,90407 

,90412 

S02 

,90417 

,90423 

,90428 

,90434 

,9C439 

,90444 

,90450 

,90455 

,90461 

,90466 

803 

,9047 1 

,90477 

,90482 

,90488 

,9C493 

,90499 

,90504 

,90509 

,90515 

,90520 

804 

,90526 

,9^531 

,90536 

,90542 

>9°547 

,9°^53 

,90558 

,90563 

,90569 

,90574 

$05 

,90580 

,90585 

,90590 

,90596 

,90601 

,9060!) 

,90612 

,90617 

,90622 

,90628 

S06 

,9o633 

,90639 

,90644 

,90650 

,90655 

,90660 

,90666 

,90671 

,90677 

,90682 

807 

,9of  87 

,90693 

,90^98 

,9o703 

,90709 

,90714 

,90720 

,90725 

,90730 

,90736 

808 

,90741 

,90746 1 

,9C752 

,90757 

,90763 

,90768 

,90773 

,90779 

,90784 

,90789 

809 

»9°795 
,90848 

,908c© 
#-854 

,90806 

,90811 

^9^865" 

,9-816 
,90870 

,90822 

,9c827 
,90881 

,90832 

,90838 

,90843 

8io 

,90859 

,90875 

,90886 

,90891 

,90897 

811 

,90902 

.909=7 

,9-913 

,90918 

,90923 

,90929 

,90934 

,90939 

,90945 

,90950 

812 

,90956 

,90961 

,90966 

,90972 

,9C977 

,90982 

,90988 

,90993 

,90998 

,91004 

813 

,91000 

,91014 

,91020 

,91025 

,91030 

,91036 

,91041 

,91046 

,9*°J"2 

,9'°57 

814 

,91062 

,91068 

,9107; 

,91078 

,91084 

,91089 

,91094 

,91100 

,91105 

,91110 

»«5 

,91116 

,91121 

,91126 

,91132 

,9!I37 

,91142 

,91148 

>9"53 

,91158 

,91164 

8'6 

,91169 

,9  "74 

,91180 

,91185 

,91190 

,91196 

,91201 

,91206 

,91212 

,91217 

817 

,9^222 

,91227 

,9I233 

,91238 

,9*243 

>9IJ49 

,9I2>"4 

,9**59 

,9 '265 

,91270 

?i8 

,9I275 

,91281 

,91286 

,91291 

,9,297 

,91301 

,91307 

,91312 

,91318 

,9'32| 
,9'37° 

819 

,91328 

,<9I3  34 
1 

,9*339 

z 

,9 '344 

,9J35o 

,9'355 

,91, 60 
__ 

»9I365 

,9'37i 

3 

•  ^.N11 

0 

3  i 

4 

5 

7 

4 

IrABiE    df   LOGARITHMS*      II5I.  577 

lumbers  from  #2oo  to  8800.    Logs,  from  591381  to  ,94448. 


N° 

0 

I 

4 

3 

4 

-  5 

6 

7 

8 

,91424 

9 

if  10 

,91381 

,9I387 

,9'392 

>9*397 

,9*403 

,91408 

,91413 

,91418 

,9*429, 

£21 

,9*434 

,91440 

,9H45 

,9 '45° 

,91455 

,91461 

,91466 

,9*47* 

,91477 

,9*482 

S22 

,9*487 

,91492 

,91498 

,91503 

,91508 

>9*5*4 

,91519 

,9*5*4 

,9*529 

>9*53> 

J23 

,91540 

,9^545 

,91550 

,9i556 

,91561 

,91566 

,91572 

59*577 

,9*582 

,9*;8> 

w 

>9*593 

,91598 

,91603 

,91608 

>9Ib*4 

,91619 

,91624 

,91630 

,9*635 

,91640 

*25 

,9»645 

,91650 

,91656 

,91661 

,91666 

,91672 

,91677 

,91682 

,91687 

59*693 

S26 

,91698 

,9*7°3 

,91708 

,9*7 r4 

»£*7»9 

,9^24 

»9J729 

59*735 

,9*740 

,9*745 

»-7 

>9*75° 

,9*756 

,91761 

,91766 

,9*77* 

,91777 

,91782 

,91787 

,9*792 

,9*79s 

828 

,91803 

,91808 

,91813 

,91819 

,91824 

,91829 

,91834 

,9*840 

,91845 

,9'85o 

S29 

>9**55 

,91861 

,91866 

,91871 

,91876 

,91882 

,91887 

,91892 

,01897 
,91950 

,91903 

830 

,91908 

,9'9*3 

,91918 

,91923 

,91929 

,91934 

,91939 

,91944 

>9*95S 

*3i 

,91960 

,91965 

,91970 

,91976 

,91981 

,91986 

,91991 

,9*997 

,92002 

,92007 

£32 

,92012 

,92017 

,92023 

,92028 

,92033 

,92038 

,92044 

,92049 

,92054 

,92059 

833 

,92064 

,92070 

,92075 

,92080 

,92085 

,92091 

,92096 

,92101 

,92106 

,9,-*n 

»34 
»3S 

,92117 

,92122 

,92127 

,92132 

,92137 

,92143 

,92148 

,92*53 

.92158 

,93163 

,92169 

,92174 

,92179 

,92184 

,92189 

,92195 

,92200 

,92205 

,92210 

,92215 

S36 

,92221 

,92226 

,92231 

392236 

,92241 

,92247 

,92252 

,92257 

,92262 

,92267 

837 

,92272 

,92278 

,92283 

,92288 

,92293 

,92298 

,92304 

,92309 

,92314 

,92319 

838 

»92324 

,92330 

,9233  5 

,92340 

592345 

,92350 

,92355 

,92361 

,92366 

,92371 

S39 

,92376 

,,92381 

,92386 

592392 

,92397 

,92402 

,92407 

,92412 

,92418 

,92423 

840 

,92428 

,9243,3 

.92418 

,92443 

,92449 

,92454 

,92459 

,92464 

,92469 

.9^-474 

84.1 

,92480 

,92485 

,£2490 

,9a495 

,92500 

,92505 

,92511 

,92516 

,92521 

,92526 

842 

,9253* 

,92536 

,92541 

,92547 

.92552 

,92557 

,92562 

,92567 

,92572 

,92578 

*43 

,92583 

,92588 

,92503 

,92598 

,9,2603 

,92608 

,92614 

,92619 

,92624 

,92629 

«44 

,92634 

,-92639 

,92644 

,92650 

,92655 

,92660 

,92665 

,92670 

,9267? 

,92680 

845 

,92686 

,92691 

,92696 

,9270! 

,92706 

,9*711 

,92716 

,92722 

,92727 

,9273* 

84b 

,92737 

,92742 

,92747 

,92752 

,92758 

,9*2763 

,92768 

,92773 

592778 

,92783 

847 

.92788 

,9279? 

,92799 

,92804 

,92809 

,92814 

,92819 

,92824 

,92829 

,92834 

848 

,92840 

,92845 

,92850 

,92855 

,92860 

,92865 

,92870 

,92875 

,92880 

,92886 

849 

592891 

,92896 

^9290* 

,92906 

,92911 

,92916 

,92921 

,92927 

592932 

,929-J.T 

S50 

,9294.2 

,92947 

,92952 

>92957, 

,92962 

,92967 

,92972 

,92978 

,92983 

,92988 

851 

,92993 

,92998 

>93°°3 

,93008 

»93°*3 

,93018 

,93024 

,93029 

,93034 

,93039 

852 

,93044 

,93049 

>93°54 

,93059 

,95064 

,93069 

,93074 

,93080 

,93085 

,93090) 

»53 

,93095 

,93100 

,93I05 

393110 

>93**5 

,93120 

,93*25 

,93r3o 

,93 *36 

,93*4* 

854 

,93140 

593*5* 

,93i56 

,93161 

,93166 

,93171 

,93176 

,93i8t 

,93186 

,93195 

^55 

,93197 

,93202 

,93207 

,93212 

,93217 

,93222 

.93227 

,93232 

,93237 

,9324a 

856 

,93H7 

,93252 

,932/7 

,,93263 

,93268 

,93273 

,93278 

,93283 

,93288 

,93293 

t5l 

,93298 

,93303 

,933o8 

,93313 

,933i8 

,93323 

,93328 

,93333 

,93339 

,93344 

858 

,93349 

i93354 

>93359 

*93364 

>93369 

,93374 

,93379 

,93384 

,93389 

,93394- 

*59 

,93399 

,93404. 

,93409 

,934*4 

,93419 

,93425 

,93430 

,93435 

,93440 

,93445 

860 

,9345° 

,93455 

,9346o 

,93465 

,93470 

,93475 

,93480 

,93485 

,93490 

,93495 

861 

,93500 

,935°5 

,935io 

>935J5 

,9352o 

>93525 

,9353» 

,93536 

,9354* 

,93545 

86s 

>9355i 

,93556 

,9356i 

,93566 

,93571 

593576 

,9358i 

,93586 

59359* 

,93596 

863 

,93601 

,93606 

,936*' 

,93616 

,93621 

,93626 

,9363* 

,93636 

,93641 

,93646 

864 

,93651 

,93656 

,93661 

,93666 

,93671 

,93676 

,93681 

,93686 

,93692 

,93697 

865 

,93702 

»9"37"07 

,93712 

,93717 

,93722 

,93.727 

,93732 

,93737 

,93742 

,93747 

866 

>937S2 

593757 

,93762 

,93767 

,93772 

,93777 

,93782 

,93787 

,93792 

,93797 

*867 

,93802 

,93807 

,93812 

,93817 

,93822 

,93827 

,93832 

,93837 

,93842 

,93847 

868 

593S51 

,93857 

,93862 

,93867 

,93872 

,93877 

,9388* 

,93887 

,93892 

,93897 

*<>9 

,93902 

,919°7 

,93912 

,939*7 

,93922 

,93927 
,93977 

,93932 

,93937 
>93987 

,93943 

,93947 

87o 

,93952 

,93957 

,9396a 

,93967 

,9397a 

,93982 

,93992 

,93997 

*7* 

,94002 

,94007 

,94012 

,94017 

,94022 

,94027 

,94032 

,94037 

,94047 

,94047 

172 

,94052 

,94057 

,94062 

,94067 

,94072 

,94076 

,94081 

,94086 

,94091 

,94096 

*73 

,94101 

,94106 

,94m 

,94116 

,94121 

,94126 

,94*3* 

,94*36 

,94141 

,94146 

874 

,94151 

,94176 

,94161 

,94166 

,94*71 

,94176 

,94181 

,94186 

,94191 

,94196 

875 

,94201 

,94206 

,94211 

,94216 

,94221 

,94226 

,94330 

594235 

,94240 

594245 

87b 

,9425c 

,942  55 

,94.260 

,94265 

,94270 

,94275 

,94280 

,04285 

,94290 

,94295 

*77 

5943  0 

,9+305 

,94310 

,943*5 

,9432o 

>94325 

,9433° 

,9433f 

,94340 

,94344 

878 

>94349 

^94354 

^94359 

,94364 

,943*9 

,94374 

,94379 

,94384 

,94389 

,94394 

J79 

,94399| 3944-4 

,94409 

,94414 

,94419 , ,94424 

,94428 

,94433 

,94438  ,94443 

N° 

i~T~T 

1   K   - 

a 

v.i 

*E 

5 

e  e  « 

1   & 

7 

8 

1   9  , 

$jB  Tab.e  of  Logarithms,    ii£i. 

Numbers  from  8800  to  9400.     Logs,  from  ,94448  to  597313* 


N° 

0 

1 

594453 

2  . 

,9445s 

3 
,94463 

4 
,94468 

5 
5  94473 

6 

,94478 

7 
,94483 

8 
,94488 

9 

88c 

,94448 

594493 

S8i 

,94498 

,94502 

594507 

,945*2 

> 945*7 

,94522 

594527 

,94532 

5  94'.  37 

59454a 

882 

594547 

594552 

5945S7 

,94562 

,94566 

59457 * 

594576 

.9458* 

,94586 

-94591- 

883 

,94596 

,94601 

,94609 

,94611 

,946 16 

,94621 

,94626 

,94630 

594635 

,94649 

884 

,94645 

,94650 

,94655 

,94660 

,94665 

,64670 

594675 

,94680 

,94684 

,94689 

885 

,94694 

,94699 

,94704 

,94709 

,94714 

594719 

594724 

,94729 

5  94734 

,9473s 

886 

594743 

,94748 

594753 

594758 

594763 

,94768 

594773 

,94778 

594783 

594787 

S87 

,94792 

594797 

,94802 

,94807 

,94812 

594817 

,94822 

,94827 

,94831 

,94836 

888 

,94841 

,94846 

,94851 

,94856 

,94861 

,94866 

594871 

,94S75 

,9488c 

594S85 

889 

,94890 

,94895 

,94900 

594905 

,94910 

5JH9i_5_ 

594919 

594924. 

,94929 

594934 

JSgcT 

594939 

594944 

594949 

594953 

59495s 

,94963 

,94968 

594973 

.94978 

,94983 

891 

,94988 

594993 

594997 

,95002 

>9;co7 

,95012 

.95-17 

.95022 

,9502.7 

595031 

892 

»9S°36 

,95041 

,95046 

595051 

,95056 

,95061 

,65066 

,95070 

595075 

,9 5c 80 

893 

,95085 

,95090 

595°95 

,9,100 

595Jo5 

>95*o9 

.95**4 

595**9 

,95*24 

,95*29 

894 

595*34 

,95*39 

,95*43 

,95148 

595153 

?95I58 

595i63 

,95168 

.95*73 

,95*77 

S95 

,9,182 

595187 

595192 

595**7 

,952C2 

595207 

,95211 

,95216 

.95221 

,95226 

896 

>9523i 

,95236 

,95240 

593245 

>9525° 

595255 

,95260 

,9526,-. 

,9527.0 

,95274 

897 

595279 

,95284 

,95289 

595294 

'95299 

595303 

595308 

5953*3 

.953*8 

595323 

S98 

,95328 

595332 

595337 

595342 

595347 

.95352 

'95357 

595361 

.95366 

595371 

89? 

,95376 
j95424 

59538i 

5  95434 

595390 

595395 
595443 

5954°° 
,95448 

595405 
»95453 

5954*0 
5  95458 

59542,5 
595463 

5954*9 

900 

,95429 

595439 

,95468 

901 

595472 

595477 

,95482 

595487 

.95492 

595497 

595501 

,95506 

59551* 

5955*6 

902 

595511 

595525 

59553° 

595^35 

,9554° 

595545 

59^549 

,95554 

59.5559 

,95564 

903 

595569 

595574 

595578 

595583 

,95588 

595593 

>95598 

,95602 

,95607 

,9$6iz- 

904 

5956i7 

,95622 

,95626 

59563i 

,95636 

»95'64i 

,95646 

595650 

595655 

,95600 

9°  5 

,95665 

595670 

595674 

595679 

,95684 

,95689 

,95694 

,95698 

595703 

,9;7°8 

go6 

595713 

5957i8 

,95722 

595727 

595732 

.95737 

.95742 

595746 

,9575* 

.957^6 

907 

595761 

595765 

595771 

595775 

,95780 

595785 

.95789 

595794 

595799 

,95804 

908 

,95809 

>9S"8l3 

,95818 

595823 

,95828 

595832 

.95837 

,95842 

595847 

.95852 

9°9 

295856 

5959°4 

,95861 

,95866 
5959'4 

5959*8 

595875 

,95880 
,75923 

,95885 

.95890 
.959^7 

595895 
595942 

^95899^ 

910 

,95909 

595923 

.95933 

.95947 

9** 

595952 

»95957 

,95961 

,95966 

>9'S97* 

,95976 

,95980 

,95985 

,95990 

.95995 

912 

59c999 

,96004 

,96009 

,96014 

,96018 

,96023 

,96028 

,96033 

,96038 

,1,6043 

913 

,96047 

,96052 

,96057 

,96061 

,96066 

,96071 

,96076 

,96080 

,96085 

,96090 

914 

,96095 

,96099 

,96104 

,96109 

,96114 

,96118 

,96123 

,96128 

,96133 

»96*37 

9*5 

,96142 

,96147 

,96152 

,96156 

,96161 

,96165 

,96171 

.96175 

,96180 

,96185 

916 

,g6i?9 

,96194 

,96199 !  ,96204 

,96208 

,96213 

,96218 

,96223 

,96227 

.9623* 

917 

,96237 

,96242 

,96246    ,96251 

,96256 

,96261 

,96265 

,96270 

,96275 

,96279 

918 

,96284 

,96289 

,962931,9629s 

596303 

,9630s 

,96313 

,^6317 

,96322 

,96327 

£19 

,96379 

,96336 

,96341  1,96346 

?9635o 
,96398 

.96355 

,96^60 
,96407 

,96365 
,96412 

,96369 
,96416 

,96374 

920 

,96383 

,96788" 

596393 

,96402 

,96421 

921 

,96426 

,96431 

.96435 

,96440 

,96445 

,96449 

,96454 

596459 

,96464 

,96468 

922 

,96473 

,96478 

,96482 

5964S7 

,96492 

,96497 

,96501 

5965c  6 

,96511 

.965*5 

923 

,96520 

596525 

,96530 

596534 

596139 

,96544 

,9654s 

.•96^53 

,96558 

,96562 

924 

,96^67 

596572 

>96577 

,96581 

,96586 

,96,91 

.96595 

,96600 

,96605 

,96609 

925 

,96614 

,96619 

,96624 

,96628 

,96633 

,96638 

,96642 

,96647 

,9665-1 

,96656 

926 

,96661 

,96666 

,96670 

,96675 

,96680 

,96684 

,96689 

,96694 

,96699 

,96703 

92.7 

,96708 

,96713 

,96717 

,96722 

,96727 

59673' 

,96732 

,96741 

,96745 

59675° 

928 

596755 

596759 

,96764 

,96769 

,96773 

,96778 

,96783 

,96787 

,96792 

,96797 

929 

,96802 

,96806 

,96811 
"96858" 

,96816 

,96820 
,"96867 

,96825 
,96872 

,96830 
,96876 

,96834 
,96S8i 

,96839 
,96886 

,96844 

930 

,96848 

,96853 

,96862 

,96890 

93  * 

,96895 

,96900 

,96904 

,96909 

,96914 

,9691s 

,96923 

,96928 

,96932 

.96937 

932 

,96942 

,96946 

,96951 

,96956 

,96960 

,96965 

,96969 

596974 

,96979 

,96983 

933 

,96988 

,96993 

,96997 

,97002 

,97007 

,97011 

,97016 

,97021 

597^5 

,97030 

934 

597°35 

597039 

,97044 

,97049 

597053 

,9705s 

,97062 

,97067 

,97072 

,97076 

93  5 

,97081 

,97086 

,97090 

597095 

,97'ooj ,97*04 

,97109 

597**4 

,97**8 

,97*23 

936 

,97-128 

,97132 

,971  t,j 

59714' 

»97J4<5 j  ,97151 

597*55 

,97160 

,97*65 

,97169 

937 

>97i74 

597179 

597183 

,97188 

,97192    ,97'97 

,97202 

,97206 

,97211 

,97216 

938 

,97220 

597225 

,97229 

597234 

597239    597243 
,972851,97290! 

,97248 

597253 

,97257 

,97202 

93° 

,97267 
0 

597271 

,97276 

,97280 1 

,97294 

,97299 

,97303 

,9739* 

"n» 

*    i    3    1   ♦    is 

6 

7       1     8 

9 

Table  of  Logarithms,     1*51.  579 

Numbers  from  9400  to  10000.    Logs,  from  597313  to,, 99996. 


"  .•  N° 

0 

1 

2 

_  __3 

.Y#" 

__5 

.-JL_Lz_J_?- 

9_im> 

940 

>97l »  3 

,973'7 

,97322 

,97326 

,9733i 

,97336 

,9734c 

,9734i 

,973SC 

,97354 

941 

,97359 

,97364 

,97368 

,97373 

■  ,97377 

,97382 

,973s7 

,9739* 

,9739* 

,97400 

942 

>97405 

,974IQ 

,97414 

,974*9 

,97423 

,97428 

,97433 

,97437 

,97442 

,97447 

943 

,9745* 

,97456 

,97460 

,97465 

,9747o 

,97474 

J97479 

,97483 

,97488 

,9749a 

944 

,97597 

,97502 

,97,506 

,975n 

,975i6 

,97520 

,97525 

,97529 

■97534 

,975^9 

945 

,97543 

,97548 

,97552 

,97557 

,97562 

,97566 

,97S7i 

,97575 

,97^80 

,97584 

946 

,97  589 

,97594 

,97598 

,97603 

,97607 

,97612 

,97617 

,97621 

,97626 

,97630 

.  947 

,97635 

,97640 

,97644 

,97649 

,97653 

,97658 

,97662 

,97667 

,97672 

,97676 

i    948 

,97681 

,97685 

,97690 

,97694 

,97699 

,97704 

,97708 

,97713 

,97717 

,97722 

21L 

,97717 

'A7-7_.H 

,_9_77_3i 

,_9774o 

,97745 

£9774  9 

,97754 

,97759 

,977fl3 

,97768 

950 

,97772 

,97777 

,9778i 

,97786 

,97791 

,97795 

,97800 

,97804 

,97809 

,97813 

951 

,97818 

,97823 

,97827 

,97832 

,97836 

,97841 

,97845 

,97850 

,97855 

,97859 

95* 

,97864 

,97868 

,97873 

,97877 

,97882 

,97886 

,97891 

,97896 

,97900 

,97905 

953 

,97909 

,979H 

,97918 

?97923 

,979?-7 

,97932 

,97937 

,97941 

,97946 

»9795° 

954 

,97955 

,97959 

,97964 

,9796s 

,97973 

,97978 

,97982 

,97987 

,97991 

,97996 

955 

,98000 

,98005 

,98009 

,9Soi4 

,98018 

,98023 

,98028 

,98032 

,98037 

,98041 

i  956 

,98046 

,98050 

,98055 

,98059 

,98064 

,98.6s 

,98073 

,98078 

,98082 

,98087' 

957 

,98091 

,98c96 

,98100 

,98105 

,98109 

,98114 

,98118 

,98123 

,98127 

,9813* 

958 

,98136 

,98141 

,98146 

,98150 

,98155 

,98159 

,98164 

,98168 

,98173 

,98177 

959 

,98182 

,98186 

,98191 

,98195 

,98200 

,98204 

,98209 

,98213 

,98218 

,98223 

960 

,98227 

,98232 

,98236 

,98241 

,98245 

,98250 

,98254 

,98259 

,98263 

,98268 

961 

,98272 

,98277 

,98281 

,98286 

,98290 

,98295 

,98299 

,98304 

,98308 

,983^ 

962 

,98317 

,98322 

,98326 

,98331 

,98336 

,98340 

,98345 

,98349 

,98354 

,98358 

963 

,98363 

,98367 

,98372 

,98376 

,98381 

.98385 

,98399 

,98394 

,98399 

,98403 

964 

,98408 

,98412 

,98417 

,98421 

,98426 

,98430 

,98435 

,98439 

,98444 

,9844s 

965 

,9845  3 

,98457 

,98462 

,98466 

,9S47i 

,98475 

,98480 

,98484 

,98489 

,98493 

966 

,98498 

,98502 

,98507 

,98511 

,98516 

,98520 

,98525 

,98529 

,98534 

,98538 

967 

,98543 

,98547 

,98552 

,98556 

,98561 

,08565 

,98570 

,98574 

,98579 

,98583 

968 

,98587 

,98592 

,98596 

,98601 

,98605 

,98610 

,98614 

,98619 

,98623 

,98628 

9^9_ 

,98632 

,98637 

,98641 

,98646 

,98650 

,98655 

,98659 

,98664 

,98668 

,98673 

970 

,98677 

,9§6S2 

^TfFsT 

,98fcg  r 

,98695 

,98699 

,98704 

,"98708" 

,987*3 

,98717 

97  f 

,98722 

,98726 

,98731 

,98735 

,98740 

,98744 

,98749 

,98753 

,98758 

,9876a 

97s 

,98-67 

,98771 

,98776 

,98780 

,98784 

,98789 

,98793 

,98798 

,98803 

,98807 

973 

,988 r 1 

,98816 

,98820 

,98825 

,98829 

,98834 

,98838 

,98842 

,98847 

,9885r 

974 

,9*856 

,98860 

,98865 

,98869 

,98874 

,98878 

,98883 

,98887 

,98891 

,9Ug3 

975 

,9^900 

,98905 

,98909 

,98914 

,98918 

,98923 

,98927 

,98932 

,98936 

,98940 

976 

,9894. 

,38949 

,98994 

,98954 

,98958 

,98963 

,98967 

,98972 

,98976 

,98981 

,98985 

977 

,98989 

,98998 

,99003 

,99007 

,99012 

,99016 

,99021 

,99025 

,99029 

978 

,99-34 

,99038 

,99043' 

,99047 

,99052 

,99056 

,99060 

,99065 

,99069 

,99074 

979_ 

>2}22l 

,99o8_3_ 

i99j38_l 

,99092 

,99096 

,99100 

>99xp5 

,99*09 

,99114 

,99118 

q8o 

,99**3 

,99127 

,99*3* 

,99136 

,99140 

,99H5 

,99149 

,99*54 

,9915s 

,9916a 

981 

,99^7 

,99*7* 

,99176 

,99180 

,99185 

,99189 

,99^93 

,99198 

,99202 

,99207 

982 

,99211 

,99216 

,99220 

,99224 

,99229 

,99233 

,99238 

,99242 

,99246 

,99*51 

983 

,9S»2i5 

,99259 

,99264 

,99269 

,99273 

,99277 

,99282 

,99286 

,99291 

,99295 

984 

,99299 

,99304 

,99308 

,993*3 

,99317 

,99322 

,99326 

,99330 

,99335 

,993391 

985 

,99344 

,99348 

,99352 

,99357 

,99361 

,99366 

,99370 

,99374 

,99379 

,99383 

986 

,99388 

,99392 

,99396 

,99401 

,99405 

,99410 

,994*4 

,99418 

,99423 

,99427 

9S7 

,99437 

,99436 

,99440 

,99445 

,99449 

,99454 

,99458 

,99462 

,99467 

,9947'  ■ 

988 

,99476 

,99480 

,99484 

,99489 

,99493 

,99498 

,99502 

,99506 

,995" 

,99515 

989 
990 

,99520 
,99563 

,99524 
,99,68 

,99528 

,99533 

,99537 
,99^8i 

,99542 
,99-85 

,99546 

,9955° 

,99555 
,99599 

^99559 

,99572 

,99577 

,99590 

,99594 

,99603 

991 

,99607 

,99612 

,99616 

,99620 

,99625 

,99629 

,99634 

,99638 

,99642 

,99647 

992 

,9965! 

,99655 

,99660 

,99664 

,99669 

,99673 

,99677 

,99682 

,99686 

,99690 

993 

,99695 

,99699 

,99704 

,99708 

,99712 

,99717 

,99721 

,99725 

,9973° 

,99734 

'994 

,99739 

,99743 

,99747 

,99752 

,99756 

,99760 

,99765 

,99769 

,99774 

,99778 

995 

,99782 

,99787 

,99791 

,99795 

,99800 

,99804 

,99808 

,99813 

,99817 

,9982a 

996 

,99826 

,99830 

,99s35 

,99839 

,99843 

,99848 

,99852 

,99856 

,99861 

,99865 

997 

,99869 

,99874 

>99878 

,99883 

,99887 

,99891 

,99896 

,99900 

,99904 

,99909 

998 

,999'3 

,999 l 7 

,99922 

,99926 

,9993° 

,99935 

,99939 

,99943 

,99948 

.999<2 

999 

,99956 

>9996r 

* 

,9996\ 
* 

,9997' 
.  3" 

,99974 
4 

,99978 

S 

,99983^ 
6 

,_999_8_7_ 
7 

,99991 

,99996 

N° 

*  © 

S 

9 

Eeee  2 


5« 

O 

Table  oF  Sines  and  Tangents,     1152, 

o  Degree 

1  Degree 

U 

Sine 

OjOCOOO 

Co-fine 

I,OCOOC 

Tangent 
0,02000 

Co-tang. 

M 
0 

Sine 

Co- fine 
9.99993 

Tangent 
8,24192 

Co-tang. , 
11,7580*. 

o 

Infinite 

60 

8,24185 

60 

3 

-6,46373 

9*99999 

6,46373 

I3.536*7 

59 

j 

8,24903 

9.99993 

8,24910 

11,75090 

i9 

2 

6,76476 

9*99999 

6,76476 

I3.23524 

b 

2 

8,25609 

9.99993 

8,25616 

".74383 

S« 

3 

6,94085 

9*99999 

6,94085 

J3>°S9*5 

57 

3 

8.26304 

9.99993 

8,26311 

11,73688, 

57 

4 

7,00579 

9,99%99 

7,06579 

rl2,9342I 

56 

4 

8**6988 

9,99992 

8,26996 

",73°°4 

,6 

5 

7,16270 

9.99999 

7,16270 

12,83730 

55 

5 

8**7661 

9,9999a 

8,27669 

",7*33* 

55 

6 

7,24188 

9.99999 

7,24188 

12,75812 

54 

6 

8,28324 

9.9999* 

8,28332 

11,71668. 

54 

7 

7,30882 

9.99999 

7,30882 

;  12,69  I  I7 

53 

- 

8,28977 

9,99992 

8,28986 

11,71014 

r55    , 

8 

7,36082 

9*99999 

7,36682 

12,63318 

52 

S 

8,29621 

9.99991 

8,29629 

11,70371 

S*   1' 

J> 

7>4'797 
7,4637* 

9*99999 
9*99999 

7*41797 
7,46373 

12,58203 

50 

J 

10 

8,30*55 

9i9999] 

9,99991 

8,30263 

1  ',69737 

5* 

so 

12,53627 

8,30879 

8,30888 

11,69112 

30 

31 

7>50S:2 

9.99999 

7,50512 

12,49488 

49 

11 

8,31495 

9*99990 

8,31594 

11,68495 

49 

32 

7,54291 

9.99999 

7,5429i 

12,45709 

\» 

12 

8,32103 

9,99990 

8,32112 

11,67888 

4» 

»3 

7J57767 

9*99999 

7.5776/ 

12,42233 

47 

*3 

8,32702 

9,99990 

8,32711 

11,67289 

47 

34 

7,^098^, 

9.99999 

7,60986 

12,39014 

46 

14 

8,33292 

9,9999o 

8,333°* 

1 1,66697 

46. 

*5 

7,63982 

9*99999 

7,63982 

12,36018 

45 

x5 

8,33875 

9.99989 

8,33886 

11,66114, 

+5 

36 

7,66784 

9*99999 

7,66785 

'*>33"5 

44 

16 

8,34450 

9.99989 

8,34461 

".65539 

44 

37 

7,69417 

9*99999 

7,69418 

12,30582 

43 

'7 

8,35018 

9.99989 

8,35029 

11,64971 

43 

18 

7,7  j  900 

9*99999 

7,71900. 

12,28100 

42 

18 

8.35578 

9,99989 

8,35589 

11,64410 

4* 

£9 

7,74248 
7»76475 

9_»99999 
9*99999 

7.74*48 
7,76476 

12,25752 

40 

19 
it 

8,36131 
8,36678 

9.99988 
9,9^988 

8,36143 
8,36689 

".63857 
11,63310 

if 

20 

12,23524 

40 

21 

7.7s  94 

9*99999 

7.78595 

12,21405 

39 

21 

8,37217 

9»99988 

8,37**9 

11,62771 

32 

22 

7,80615 

9*99999 

7,80615 

12,19384 

3S 

22 

8,3775° 

9,99988 

8,37762 

11,62238 

38 

»3 

7,82545 

9.99999 

7,82546 

12,17454 

37 

*3 

8,38276 

9,99987 

8,38289 

11,61711 

3£ 

*4 

7^4393 

9.99999 

7,84394 

12,15606 

36 

24 

8,38796 

9,99987 

8,38809 

11,61191 

3* 

25 

7,86166 

9.99999 

7,*6i67 

12,13833 

35 

25 

8,39310 

9,99987 

8*393*3 

11,60677 

35 

a6 

7,87869 

9*99999 

7,87871 

12,12129 

34 

26 

8,39818 

9,99986 

8,39831 

11,60168 

34 

27 

7,89508 

9*99999 

7,895io 

12,10490 

33 

27 

8,40320 

9,99986 

8,40334 

11,59666 

33 

28 

7,91088 

9*99999 

7,91089 

12,08911 

32 

28 

8,40816 

9,99986 

8,40830 

11,59170 

3* 

B9 

7,92612 
7,94084 

9>9999g 
9,99998 

7,92613 
7,94086 

12,07387 

31 

29 
3C 

8,41307 
8,41792 

9*99985 
9.99985 

8,41321 
8,41807 

",58679 
11,58193 

3* 

30 

12,05914 

30 

5 

i 

3' 

7,95508 

9,99998 

7,955io 

12,04490 

29 

31 

8,42272 

9.9998y 

8,42287 

",577*3 

32 

7,96887 

9.9999s 

7,96889 

12,03111 

28 

V 

8,42746 

9,99984 

8,42762 

11,57238 

28 

33 

7,98223 

9,99998 

7,98*25 

12,01775 

27 

33 

8,43216 

9*99984 

8,43231 

11,56768 

ll 

34 

7,99520 

9,9999s 

7,99522 

12,00478 

26 

34 

8,43680 

9,99984 

8,43696 

11,56304 

*$ 

35 

8,00779 

9,99998 

8,00781 

11,99219 

*5 

35 

8,44i39 

9,99983 

8,44156 

11,55844 

25 

S^ 

8,02002 

9,99998 

8,02904 

11,97095 

24 

36 

8,44594 

9,99983 

8,446 1 1 

",55389 

24. 

37 

8,03192 

9*99997 

8,03194 

1 1,96805 

23 

37 

8,45044 

9,99983 

8,4506 1 

".54939 

23 

38 

8,04350 

9*99997 

8.C43S3 

11,95647 

22 

38 

8,45489 

9,99982 

8,45507 

",54493 

12 

39 

8,05478 

9  99997 

8,05481 

*  ',94539 

21 

39 

8,4593° 

9,9998* 

8,45948 

".5405* 

ll 

40 

8,06578 

9,99997 

8,06581 

".93419 

20 

4r 

8,46366 

9,99982 

8,46385 

i',536*5 

20 

4i 

8,07650 

9.99997 

8,07653 

11,92347 

'9 

4i 

8,46798 

9,99981 

8,46817 

11,53183 

'I 

42 

8,08696 

9*99997 

8,08700 

11,91300 

18 

42 

8,47226 

9,99981 

8,47245 

".5*755 

43 

8,097 1 8 

9*99997 

8,09722 

11,90278 

17 

43 

8,47650 

9,99980 

8,47669 

".5*33* 

Vc 

44 

8,10717 

9,99996 

8,10720 

11,89280 

16 

44 

8,48069 

9,9998o 

8,48089 

11,51911 

16 

45 

8,11693 

9,99996 

8,11696 

11,88304 

15 

45 

8*48485 

9,9998o 

8,48505 

11,51495 

(5 

46 

8,1*647 

9,99996 

8,12651 

11,87349 

'4 

4* 

8,48896 

9,99979 

8,489*7 

11,51083 

H 

4? 

8,13581 

9,99996 

8,13585 

11,86415 

J3 

47 

8,49304 

9*99979 

8,493*5 

11,50675 

13 

48 

8, 1449-5 

9,99996 

8,14500 

11,85500 

12 

4* 

8,49708 

9,99979 

8,49729 

11,50271 

1* 

49 

8,16268 

9J99996 
9.99995 

8. '5395 
8,16273 

11,84605 

M 

IO 

49 

8,50108 

8, ',0504. 

9.9-9978 
9,99978 

8,50130 
8,50527 

11,49870 
",49473 

lJL 

5C 

11,83727 

10 

5i 

8,371*8 

9*99995 

,8,17133 

11,82867 

9 

5i 

8,50897 

9.99977 

8,50920 

1 1,49080 

% 

S2 

8,17971 

9*99995 

8,17976 

1 1,82024 

S 

52 

8,51287 

9.99977 

8,51310 

11,48690 

1 

53 

8,18798 

9.99995 

8,18804 

11,81196 

7 

53 

8,51673 

9,99976 

8,51696 

11,48304 

I 

54 

8,19610 

9,99995 

8,19616 

11,80384 

6 

54 

8,52055 

9»99976 

8,5*079 

11,47921 

6 

55 

8,20407 

9*99994 

8,20413 

",79587 

5 

55 

8,52434 

9,99976 

8,5.4459 

".47541 

5 

56 

8,21 189 

9*99994 

1,21195 

11,78805 

4 

5* 

8,52810 

9,99975 

8,52835 

11,47 '65 

4 

57 

8,219,8 

9*99994 

8,21964 

11,78036 

3 

57 

8,53i83 

9*99975 

8,53*o8 

11,4679* 

3 

58 

8,22713 

9.99994 

8,22719 

11,77280 

2 

5* 

8.5355* 

9>99974 

8,53578 

11,46422 

z 

59 

8**3456 

9*99994 

8,23462 

",76538 

1 

59 

8,539*9 

9.99974 

8,53945 

11,46055 

l 

6r 

8,24185 

9*99993 

8,24192 

11,75808 

0 

6 

8,54282 

9^99973 
Sine 

8,543o8 
Co*tan, 

11,4569a 
Tangent 

0 
M 

Co-fine 

Sine 

Co-|tan. 

Tangent 

M 

Co-fine 

89    I 

)egrees 

88    I 

>egrccs 
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2  Degrees 


Sine 

87s4282 
8,54642 
8,54999 
8>55354 

8»S5705 
8,56054 

8,56400 

*>56743 
8,57084 
8^57421 

8»57757 
8,58089 
8,58419 

8,58747 
8,5-9072 

8,59395 

8,59715 
8,60033 

8,60349 

8,60662 

8,60973 
8,61*82 
8,61589 
8,61894 
8,62196 
8,62496 
8,62795 
8,63091 
8,63385 
8,6j678 
8,63968 
8,64256 
8,64543 
8,64827 
8,65110 
8,65391 
8,65670 
8,65947 
8,66223 
8^6497 

8,66769 

8,67039 

8,67308 

8,67.575 
8,67840 

8,68104 
8,68366 
8,68627 
8,68886 
8^69544 
8,69400 
8,69654 
8,69907 
8,70159 
8,70409 
8,70658 
8,70905 
8,71151 

8,7 1 39  5 
8,71638 
8,71880 
Co  fine 


Co-fine 

9*^99973 
9,99973 
9,99973 
9,9997? 
9,99972 

9*9997' 
9,99970 
9,99970 
9,99970 
9^99969 

9,999% 
9,99968 
9,99968 

9,999^7 
9,99967 
9,99966 
9,99966 
9,99965 
9*99965 
9,999H 

9»99964 
9*99963 
9j9996,3 
9,99962 
9,99962 

9»9996i 
9,99961 
9,99960 
9,99960 
9*99959 

9,99959 
9,99958 

9,99957 
9,99957 
9,9.9956 
9,99956 

9,99955 
9,99955 
9,99954 
9*99953 

9i99953 
9,99952 

9,99952 

9,9995i 

9,9995? 

9,9995o 

9,99949 

9>99949 
9,99948 

9,99947 


9,99947 
9,99946 

9*99946 
9>99945 
9>99944 
9*99944 
9*99943 
9,99942 
9,99942 
9,99941 
9^99940 
Sine 


Tangent 

8, 543°8 
8,54669 

8>55°27 
8,55382 

8,55734 
8,56083 
8,56429 

8,56773 

8,57"4 
8,57452 

2,57788 
8,58121 
8,58451 

8,58779 
8,59105 

8,59428 

8*59749 
8,60068 
8,60384 
8,60698 


8,61009 
8,61319 
8,61626 
8,61931 
8,62234 
8,62535 
8,62834 
8,63131 
8,63426 
8^63728 
8,64009 
8,64298 
8,64585 
8,64870 
8,65154 

8,65435 
8,65715 

8,65993 
8,66269 
8,66543 

8,668  j6 

8,67087 

8,67356 
8,67624 
8,67890 
8,68^4 
8,68417 
8,68678 
8,68958 
8,69169 

8,69453 
8,69708 
8,69962 
8,70214 
8,70465 
8,70714 
8,70962 
8,71208 

8,7 '453 
8,71697 

Co-tan, 


Co-tang. 
11,45692 
> ',4533 1 
",44973 
11,44618 
1 1,44266 
",439  '  7 
'M3571 
11,43227 
11,42886 
11,42548 


11,42212 
",41879 

">4?549 
11,41221 
11,40895 
",40572 
11,40251 

'>>3993* 
11,3961$ 
ii,39i02 
11,38991 
11,38681 
11,38574 
11^38069 
11,37766 
11,37465 
j  1,37166 
u,j6'869 
11,36574 
11,36281 

11,35702 
11,35415 
",35130 

11,34846 

",14565 

"»34i85 
1 ',34007 

">3373' 
",33457 
11,33184 
",329'3 
",32<>44 
11,32376 
11,32110 
11,31846 

",31583 
11,31322 

ir, 31062 

11,30804 

.?,»30547 
11,30292 

11,30038 
11,2^786 

"**9535 
11,29286 

11,29038 
11,28792 
11,28546 
11,28303 
11,28060 


Tangent 


M 


87  Degrees 


3  Degrees 


M 


± 
10 
11 
12 

3 
14 

5 
16 

Jl 
18 

£9 

20 
ai 

22 

*3 
24 

25 
26 

27 

28 

29 

30 
3i 
32 

33 

34 
35 
36 
37 
38 
39 
40 

4i 
42 

43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


Sine 

8,72120 
8,72359' 
8,72597 
8,72834 
8,73069 
8,73303 
8,73535 
8,73767 
^73997 
8,74226 
8,74454 
8,74680 
8,74905 
8,75130 

?*75353 
8,75575 
8>75795 
8,76015 

8,76234 
8,76451 
8,76667 
,8,76883 
8,77097 
8,77310 

8',7754* 
8,77733 
8,77943 
8,78152 
8^78360 
8,7856^ 
8,78774 

8,78979 
8,79183 
8,79386 
8,79588 

8,79789 
8,79990 
8,80189 

8^80388 

8,80585 
8,80782 
8,80978 
8,81173 
.8,81367" 
8,8lc;6o 
8,81752 
8,81944 

8»82i34 
8,82324 

8,82513 
8,82701 
8,82888 
8,83075 
8,83261 
8,83446 
8,83630 
8,83813 
8,83996 
8,84177 
8,84358 
Co-fine 


Co-fine 

Tangent 

9,99940 

8,71940 

9,99940 

8,72181 

9,99939 

8,72420 

9,99938 

8,72679 

9,99938 

8,72896 

9>99937 

8,73132 

9,99936 

8,73366 

9,99036 

8,73600 

9,99935 

8,73832 

9_>99j>34 

8,74063 

9,99934 

8,74292 

9,99933 

8,7452? 

9,99932 

8,74748 

9,9993' 

8,74974 

9,9993* 

8,75199 

9,99930 

8»754a3 

9,99929 

8,75645 

9,99929 

8,75867 

9,99928 

8,76087 

9,99927 

8,76306 

9,99926 

8,76525 

9,99926 

8,7674* 

9,99925 

8,76958 

9,99924 

8,77172 

9,99923 

8,77387 

9,99923 

8,77599 

9,99922 

2,77811 

9,999" 

,8,7?022 

9,99920 

8,78232 

9,99920 

8,78441 

9,99919 

8,78649 

9,99918 

8,78855 

9,999x7 

8,79061 

9,999*7 

8,79266 

9,999'5 

8,79470 

9>999x5 

8,79673 

9,99914 

8,79855 

9*999 '3 

8,80076 

9*999*3 

8,80276 

9,999'* 

8,80476 

9,999?' 

8,80674 

9,99910 

8,86872 

9,99909 

8,81068 

9,99909 

8,81264 

9*99908 

8,81459 

9,99907 

8,81653 

9,999o6 

8,81846 

9,99905 

8,82638 

9,99904 

8,82230 

9,99904 

8,8242b 

9,99903 

8,82610 

9,99902 

8,82799 

9,99901 

8,82987 

9,99900 

8,83175 

9,99899 

8,83361 

9,9989* 

8,83547 

9,99898 

8,83732 

9,99897 

8,83916 

9,99896 

8,84ic6 

9*99895 

8,84282 

9,99894 

8,84464 

-  Sine 

Co-tan. 

Co-tang, 


11,28960 
11,27819 
11,27580 
11,27341 
11,27104 
11,26868 
1^26634 
1 1,26400 
11,26168 
11,259.37 


11,25708 
11,25479 
11,2525a 
11^5016 
11,24801 
11,24577 
11,24355 
11,24133 
1., 23913 
11,23693  41 


50 
4* 
48 

47 
45 
45 
44 

II 

4-* 


11,23475 
11,23258 
11,23041 
11,22827 
1 1^226 1 3 
11,22400 
11,22189 
11,21978 
11,21768 
",31559 


11,21351 
11,21145 

11,20939 
11,20734 
11,20530 
11,20327 
11,26125 
11,19924 
11,19723 
11,19524 

11,19326 
11,19128 
11,18932 
11,18736 
11,18541 
11,18347 
11,18154 
11,17962 
11,17770 
",17579 


11,17390 
11,17261 
11,17013 
11,16825 
11,16639 
11,16453 
11,16268 
11,16084 
11,15900 
11,15717 
",15536 


8to  Dt&eU 


Tangent    M 


40 

1 

37 

3b 

35 
34 
1J 

3* 
3» 


30 


24 

2« 

20 


*9 

2 

Table  of  Sines  and  Tangents, 
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4  Degrees 

5  Degrees 

M 

Sine 

Co-fin.e 

Tangent 

Co-tang. 

M 

Sine 

Co- fine 

Tangent 

Co-tang, 

o 

8,84358 

9,99894 

8,84464 

II>I5536 

60 

c 

8,94030 

9,99834 

8^94195 

11,05805 

60 

i 

8,84539 

9>99893 

8,84645 

",!53-4 

>6 

1 

8,94174 

9,99833 

8,94340 

ii,oj66o 

59 

a 

8,84718 

9,99892 

8,84826 

11,15174 

58 

2 

8,94317 

9,99833 

8,94485 

11,05515 

58 

3 

8,84897 

9.99891 

8,85006 

xi,i4994 

57 

3 

8,94461 

9,99831 

89,4629 

11,05370 

57 

4 

8,85075 

9,99890 

8,85185 

11,14815 

S6 

4 

8,94603 

9,99830 

8,94773 

1*1,05227 

56 

5 

8,8525a 

9,99890 

8,85363 

11,14637 

55 

5 

8,94746 

9,99829 

8,94917 

11,05083 

55 

6 

8,85429 

9,99889 

8^5540 

11,14460 

54 

6 

8,94887 

9,99828 

8,95060 

11,04940 

54 

7 

8,85605 

9,99888 

8,85717 

11,14283 

53 

7 

3,95029 

0,99827 

8,95202 

11,04798 

53 

8 

8,85780 

9,99887 

8,85893 

11,14107 

52 

8 

8,95170 

9,99825 

8,95344 

11,04656 

52 

JJ 

8,859:5 

9,99886 

8,86069 

11,13931 

5i 

9 

8,95310 

9,99824 

8,95486 

11,04514 

5_r 

IC 

8>86i28 

9,99885 

8,80243 

11,13757 

5° 

10 

8,95450 

9,99823 

8,9,627 

I,,°4373 

5° 

31 

8,86301 

9,99884 

8,864I7 

*h*ZS*i 

+9 

ii 

8,95590 

9,99823 

8,95767 

11,04233 

49- 

12 

8,86474 

9,99883 

8,86590 

11,13409 

48 

12 

3,95'28 

9,998»2 

8,95907 

11,04092 

43 

33 

8,8664s 

'9,998-82 

8,86763 

11,13237 

47 

13 

8,95867 

9,99820 

8,96047 

11,03953 

47 

'4 

8,868  1  6 

9,99881 

8,86935 

11,13065 

46 

H 

8,96005 

9,99819 

8,96187 

11,03813 

46 

J> 

8,86987 

9,99880 

8,87106 

11,12894 

45 

15 

8,96143 

9,998i7 

8,963-5 

11,03674 

45 

16 

8,87156 

9>99879 

8,8727-r 

11,12723 

44 

16 

8,96280 

9  99816 

8,96464 

11,03536 

44 

*7 

8,87325 

9,99878 

8,87447 

11,12553 

■13 

T7 

8,96417 

9,99815 

8,96602 

11,03398 

43 

J? 

8,87494 

9,99878 

8,87616 

11,12384 

42 

•;• 

8,96553 

9,998.4 

8,96739 

11,03261 

42 

J£ 

8,87661 

9,99"77 

8,87785 

11,12215 

41 

19 

S, 96689 

9,99813 

8,968-7 

11,03:23 

4i 

so 

8,87828 

9,99876 

8,37953 

n       ■     ; 

40 

2C 

8,96825 

9,99812 

8,970X3 

11,02987 

40 

ii 

8,87995 

9,99875 

8,88120 

1 1 , X  I  a  80 

391 

21 

8,96960 

9,99810 

8,97150 

11,02850 

39 

12 

8,88.61 

9=99874 

88,8287 

11,11713 

J  8 

22 

3,97095 

9,99809 

8,97285 

11,02714 

38 

*3 

8,8'83z6 

9>99s73 

8,88453 

11,11547 

37 

-3 

8,97229 

9,99808 

8,97421 

11,02579 

37 

.'-4 

8,88490 

9,99872 

8,S86iS 

11,11381 

36 

24 

8,97363 

9,90807 

8,9-1:56 

11,03444 

36 

*S 

8,88654 

9,99871 

8,88783 

11,11217 

3  5 

25  8i97496 

9,99806 

8,97«9' 

1 1,02309 

35 

»6 

8,88817 

9,99870 

8,88948 

11,11052 

34 

26 

8,97629 

9,99804 

8,97825 

11,02175 

34 

27 

8,88980 

9,99869 

8,S9iu 

11,10889 

3  3 

27 

8,97762 

9,99803 

8,97959 

11,02041 

33 

28 

8,89142 

9,99868 

8,89274 

11,10726 

32 

Zi 

8,97894 

9,99802 

8,98092 

11,01908 

32 

2i 

8J89303 

9j99_8_67 

8,89437 

11,10563 

n 

zl 

8,98026 

9,998- 1 

8,9*225 

ILtlYLli 

1! 

30 

8,89464 

9,99866 

8,89598 

11,10402 

30 

V 

8^981  57 

9,99800 

879835S 

11,01642 

30 

31 

8,89624 

9,99865 

8,89760 

11,10240 

29 

31 

8,98288 

9,99798 

8,98490 

1 1,01 -10 

^9 

32 

8,89784 

9,99864 

8,89920 

II,IOo8o 

28 

V- 

8,98419 

9.-99797 

8,98622 

11,01378 

28 

33 

8,89943 

9,99863 

8,90080 

11,09920 

27 

33 

8,98559 

9,99796 

8,98753 

11,01247 

27 

.34 

8,90102 

9,99862 

8,90240 

11,09760 

26 

34 

8,98688 

9,99795 

3,9S884 

n, 01 186 

26 

35 

8,90260 

9,99861 

8,90399 

11,09601 

2  5 

35 

8,98818 

9,99793 

8,99015 

1 1,00985 

25 

36 

8,90417 

9,99860 

8,90557 

11,09443 

24 

36 

8,98947 

9*9979* 

3,99145 

1  ,  00855 

24 

37 

8,90574 

9,998:9 

8,90715 

11,09285 

7-3 

3" 

5,99066 

9,99791 

8,99275 

11,0  725 

*3 

38 

8,90730 

9,99858 

8,90872 

11,09128 

:2 

78 

8,99194 

9,9979c 

f^, 99+04 

11,'  0595 

22 

39 

8,90885 

8,91040 

9,99s57 
9,99856 

8,91028 
8,91185 

11,08971 

21 

39 

40 

8_,99J£2 
8,99450 

9^9788 
9,99787 

S>9J34 
8,99^62 

11,00466 

21 

40 

n,oS8i5 

20 

11,00338 

20 

41 

8,91195 

9,99855 

3,91340 

11,08660 

TO 

4i 

8.99577 

9,997811 

8,99791 

11,00209 

'4 

42 

8,91349 

9,99854 

8,91495 

11,08505 

iS 

4- 

8,99704 

9,99785 

8,999  9 

1 1, 00c  81' 

iS 

43 

8,91502 

9,99s53 

8,91649 

11,08350 

17 

43 

8,9983.-. 

9,99783 

9,00046 

10,999^3 

17 

44 

8,91655 

9,99852 

8,91803 

11,08197 

16 

44 

8,99956 

9,99782 

9,00174 

10,99826 

.16 

45 

8,91807 

9,99851 

3,91957 

11,08043 

lS 

45 

9,00082 

9,99781 

9,00301 

10,99699 

'5 

46 

8,9*959 

9,99849 

8,92110 

11,07890 

14 

46 

9,00207 

9,99780 

9,00427 

'o,99S,7i 

14 

47 

8,92110 

9,99848 

8,92262 

11,07738 

r3 

47 

9,00332 

9,99778 

9,005^3 

10,99447 

'3 

48 

8,92261 

9,99847 

8,92414 

11,07586 

12 

43 

9,00456 

9,99777 

9,00679 

10,99321 

12 

49 

8,92411 

9^99846 

8,92565 

",07435 

11 

49 

9,00580 

9299776 

9l°^.8£5 

—ill!-9! 

11 

5^ 

8,92561 

9.99845 

8,92716 

11,07285 

10 

5° 

9,00704 

9,99774 

9,0:930 

10,99070 

10 

5i 

8,92710 

9,99844 

8,92866 

11,07134 

9 

5' 

9,00828 

9,99773 

9,01055 

10,98945 

i 

52 

8,52859 

9,99843 

8,93015 

11,06984 

3 

52 

9,00951 

9,99772 

.9,01179 

10,98821 

8 

53 

8,93007 

9,99842 

8,93165 

11,06835 

- 

3 

9,01074 

9:9977' 

9,01303 

10,98697 

7 

54 

8,93154 

9,99841 

8,933*3 

11,06687 

6 

54 

9,01196 

9,99769 

9,0  427 

10,98573 

6 

55 

8,93301 

-9,99840 

8,93462 

11,06538 

5 

5- 

9,01318 

9,99768 

9,OI55° 

10,98450 

5 

56 

8,93448 

9,99839 

8,93609 

11,06391 

4 

56 

9,01440 

9,99767 

9,01673 

10,98327 

\ 

57 

8.93594 

9,99838 

8,93756 

11,06243 

3 

5 

9,01561 

9,99765 

9,01796 

10,98204 

3 

58 

8,93740 

9,99837 

8,93903 

11,06097 

2 

9,01682 

9,99764 

9,01918 

10,98.82 

2 

59 

8,93885 

9,99835 

8,94049 

11,05051 

1 

•9 

9,01803 

9,99763 

9,02040 

10,9:960 

1 

0< 

8,94030 

9,99834 

8,94195 

11,05805 

0 

.60 

9,0:923 

9,99761 

9,02162 

10,97838^ 

0 

Co- fine 

Sine 

Co-tan. 

Tangent 

M 

Co  fine 

Sine 

Co-tan. 

|    Tangent 

85    ] 

degrees 

] 

84  1 

)egrees 
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533 

6  Degrees 

7   Degrees 

a 

Sine 

Co-fine     Tangent 

Co-tang,  j 

M 

Sine 

Co-fine 

Tangent 

Co-tang. 

o 

9,01923 

9,99761 

9,02162 

10,97838  *6o 

0 

9,08589 

9,99675 

9,08914 

10,91086 

60 

I 

9,02043 

9,99760 

9,02283 

10,97717 

59 

1 

9,08692 

9,99673 

9,09019 

10,90981 

59 

a 

9,02163 

9>99759 

9,02404 

10,97596 

58 

2 

9,08795 

9,99672 

9,09123 

10,90877 

5* 

3 

9,02282 

9>99757 

9,02535 

10,97475 

57 

3 

9,08897 

9,99670 

9,09227, 

10,90773 

57 

4 

9,02402 

9>99756 

9,02645 

10,97354 

5iG 

4 

9,08999 

9,99669 

9,09330 

10,90670 

56 

5 

9,02520 

9.99755 

9,02765 

10,97234 

55 

5 

9,09101 

9,99667 

9,09433 

10,90566 

55 

6 

9,02639 

9>99753 

9,02885 

10,97115 

54 

6 

9,09202 

9,99666 

9,09537 

10,90463 

54 

7 

9,02757 

9.9975* 

9,03005 

10,96995 

53 

7 

9,09304 

9,99664 

9,09640 

10,90360 

53 

8 

9,02874 

9,99751 

9,03124 

10,96876 

52 

8 

9,09405 

9,99662 

9,09742 

10,90258 

5* 

:_9 

10 

9,02992 
9,03109 

9.99749 
9,99748 

9,03242 
9,03361 

10,96757 
10,96639* 

5i 

5° 

9 

10 

9,09506 
9,09606 

9,99661 
9,99659 

9,09845 
9,09947 

10,90155 

5i 

10,90053 

5° 

II 

9,03226 

9>99747 

9»°3479 

10,96521 

49 

1 1 

9,09706 

9,99658 

9,10049 

10,89951 

49 

IZ 

9.°3342 

9,99745 

9.°3597 

10,96403 

43 

12 

9,09807 

9,99656 

9,10150 

10,89849 

4S 

»3 

9,03458 

9.99744 

9,03714 

10,96286 

+7 

'3 

9,09906 

9,99655 

9,10252 

10,89748 

47 

14 

9.°3574 

9,99742 

9,03832 

10,96168 

46 

'4 

9, 10006 

9,99653 

9>I0353 

10,89647 

46 

*5 

9,03690 

9,99741 

9,05948 

10,96051 

45 

ii 

9,10106 

9,9965J 

9,10454 

10,89546 

4S 

16 

9,03805 

9.9974° 

9,04065 

io,95935 

44 

16 

9,10205 

9,99650 

9.io555 

10,89445 

44 

*7 

9,03920 

9,99738 

9,04181 

10,95819 

43 

'7 

9,10304 

9,99648 

9,1065-6 

10,89344 

43 

,  »8 

9,04034 
9^04148 

9,04262 

9,99737 

9,04297 

10,95703 

42 

iS 

9,10402 

9,99646 

9,10756 

10,89244 

4s 

12 

so 

9,99735 
9.99734 

9>o44i3 
9,04528 

10,95587 

4i 

[9 

20 

9,10501 
9,10599 

9,9964g 
9,99643 

9,10856 
9,10956 

10,89144 

41 

10,95472 

4P 

10,89044 

40 

21 

9,04376 

9.99733 

9,04643 

Jo,95357 

39 

21 

9,10697 

9,99642 

9,11056 

10,88944 

39 

22 

9,04489 

9.99731 

9,04758 

10,95242 

38 

22 

9,10795 

9,99640 

9,"  155 

10,88845 

3* 

«3 

9,04603 

9.9973° 

9,04873 

10,95127 

37 

23 

9,10893 

9,99638 

9,11254 

10,88746 

37 

24 

9,04715 

9,99728 

9,04987 

10,95013 

36 

24 

9,10990 

9,99637 

9»"353 

10,88647 

36 

25 

9,04828 

9.99727 

9,05101 

10,94899 

3  5 

25 

9,1 1087 

9>99535 

9,11452 

10,88548 

35 

26 

9,04940 

9,99726 

9,05214 

10,94876 

34 

2,6 

9,11184 

9,99633 

9>"$S* 

10,88449 

34 

27 

9,05052 

9,99724 

9,05328 

10,94672 

33 

27 

9,11121 

9,99632 

9,11649 

10,88351 

33 

28 

9,05163 

9.99723 

9,o544i 

10,94559 

3* 

2§ 

9,11377 

9,99630 

9, 1 '747 

10,88253 

3a 

"*9 

9>°5275 

9,99721 

9_>°5J53 

™i2±til 

11 

I9 

9,  "474 

9,99628 

9.^845 

10,88155 

31 

3° 

9,05386 

9,99720 

9,05666 

10,94334 

3° 

30 

9,11570 

9,99627 

9,11943 

10,88057 

30 

31 

9,°5497 

9,99718 

9,05778 

10,94222 

29 

V 

9,n666 

9,99625 

9,12040 

10,87960 

29 

3s 

9,05607 

9.99717 

9,05890 

10,94110 

28 

3* 

9,11761 

9,99623 

9,12138 

10,87862 

28 

33 

9»°57i7 

9,99716 

9,06002 

10,93998 

2l 

33 

9>ilS57 

9,99622 

9,12235 

10,87765 

27 

34 

9,05827 

9,997  x4 

9,06113 

10,93887 

zo 

34 

9,11952 

9,99620 

9,12332 

10,87668 

26 

35 

9,05937 

9.99713 

9,06224 

10,93776 

*'s 

3  5 

9,12047 

9,99618 

9,12428 

10,87572 

25 

36 

9,06046 

9.997J  1 

9,06335 

10,93665 

24 

36 

.9,12142 

9,99617 

9,12525 

10,87475 

24 

37 

9,06155 

9,99710 

9,06445 

10,93555 

^3 

37 

9,12236 

9,99615 

9,12621 

10,87379 

23 

S3 

9,06264 

9,99708 

9,06556 

IO,93444 

22 

38 

9,12331 

9,99613 

9,12717 

10,87283 

22 

39 
40 

9>o6372 
9,06481 

9.99707 
9.99705 

9,06665 

i°,93334 

21 

39 

40 

9^12425 
9,12519 

9,99612 
9,99610 

9,12813 

10,87187 
10,87091 

21 

9,06775 

10,93225 

20 

9,12909 

20 

41 

9,06588 

9,99704 

9,06885 

10,93115 

1,9 

4i 

9,12612 

9,99608 

9,13004 

10,86996 

19 

42 

9,06696 

9,99702 

9,06994 

10,93006 

18 

42 

9,12706 

9,99607 

9,13099 

10,86901 

i2 

43 

9,06804 

9,99701 

9,07103 

10,92897 

l7 

43 

9,12799 

9,99605 

9,13194 

10,86806 

17 

44 

9,06911 

9,99699 

9,07211 

10,92789 

16 

44 

9,12893 

9,99603 

9,13289 

10,86711 

16 

4f 

9,07018 

9,99698 

9,07320 

10,92680 

*5 

45 

9,12985 

9,99601 

9,13384 

10,86616 

r5 

46 

9,07124 

9,99696 

9,07428 

10,92^72 

14 

46 

9,13078 

9,99600 

9,r3478 

10,86522 

14 

47 

9,07230 

9,99695 

9,07536 

10,92464 

r3 

47 

9,!3J7i 

9,99598 

9.13573 

10,86427 

13 

48 

9>°7337 

9,99693 

9,07643 

10,9^357 

12 

42 

9,13263 

9,9  9  5  96 

9,13667 

10,86333 

12 

12 

50 

9,07442 

9,07548 

9,99692 
9,99690 

9^07750 
9,078.58 

10,92249 
10,92142 

11 

10 

49 

50 

9,13355 
9, '3447 

9,99595 
9,99593 

9,13760 
9,13854 

10,86239 

11 

10,86146 

IO 

51 

9,07653 

9,99689 

9,07964 

10,92036 

9 

5i 

9,13539 

9,9959i 

9,13948 

10,86052 

9 

52 

9,07758 

9,99687 

9,08071 

10,91929 

8 

52 

9,13630 

9,99589 

9,14041 

10,85959 

8 

S3 

9,07863 

9,99686 

9,08177 

10,91823 

7 

53 

9,13722 

9,99588 

9,HI34 

io,Sj866 

7 

54 

9,07968 

9,99684 

9,08283 

10,91717 

6 

54 

9,13813 

9,99586 

9,14227 

io,85773 

6 

55 

9,08072 

9,99683 

9,08389 

10,91611 

5 

55 

9, J  3904 

9,99584 

9,14320 

10,85680 

5 

56 

9,08176 

9,99681 

9,08495 

10,91505 

4 

S» 

9,!3994 

9,99582 

9,14412 

10,85588 

4 

57 

9,08280 

9,99680 

9,o86di 

10,91400 

3 

57 

9,14085 

9,99581 

9,i4504 

10,85496 

3 

58 

9,°8383 

9,99678 

9,08705 

10,91295 

2 

5* 

9,Hi75 

9,99579 

9,14596 

10,85403 

z 

59 

9,08486 

9^99677 

9,08810 

10,91190 

1 

59 

9,14265 

9.99577 

9,14688 

10,85311 

i 

60 

9,08589 

9>99675 

9,08914 

10,9  086 

0 

6c 

^ililil 

9.99575 

9,14780 

10,85220 

0 

Co-fine 

Sine 

Co-tan. 

Tangent 

M 

Co-fine 

(      Sine 

Co-tan. 

Tangent 

M 

83     I 

degrees 

i>z    I 

degrees 
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8   Degrees 


M 
o 

i 

a 

I 

I 

7 
8 

J. 

10 

11 

*5 

16 

17 
18 

*2 

*o 
21 
22 
*3 
*4 
*5 
26 

2' 
21 

•9 
3o 
31 

32 
33 
34 

36 

37 

3 

39 

40 

4i 

42 

43 

44 

45 

46 

47 

48 

49 

5° 
5' 

5* 
S3 
54 

I 

57 
:58 

59 

60 


Sine 


9.H355 

9, '4445 
9i»4S3S 
9,14624 
9,14714 
9ii48o3 
9,14891 
9,14980 
9,15069 
9.*5i57 


§1,15245 

9»*53"33 
9,15421 
9i 15508 

9>*5596 
9,15683 

9,15770 
9ii5«57 
9.15943 
9,16030 

9,16116 
9, 16202 
9,16288 

94^374 
9,16460 

9.i6545 
9,16631 

9,16716 

9,16801 

9,16886 

97T6970 

9^7055 
9,17139 
9,17223 
9i*73°7 
9.I7391 
9.17474 
9,17558 
9,17641 
9_ii7724 

9,17807 
9,17890 
9,17973 
9,18055 

9.«?'37 
9,18220 
9,18302 
9,18383 
9,18465 

94  8  547 
9,18628 
9,18709 
9,18790 
9,18871 
9,18952 
9,19032 
9,19113 
9,19193 
9,19273 
9>T9353 

Co-fine 


Co-fine 

9*99575 

9»99573 
9>9957a 

9,9957° 
9,99568 
9.99565- 
9.99565 
9.99563 
?*99561 
9,99559 

9.99557 
9,99555 
9.99554 
9.9955* 
9.9955© 
9,99548 

9»99546 
9,99544 
9.99543 
9.99541 


9.99539 
9.99537 
9.99535 
9,99533 
9,9953* 
9,9953° 
9,99528 
9,99526 
9.99 524 
9*?^** 
9,99520 

9,995»8 
9,99516 

9j995'5 
9,99513 
9,995" 
9,99SC9 
9,995o7 
9,99505 
9,99503 


9,99501 
9,99499 
9.99497 
9,99495 

9,99493 
9,99492 
9,99490 
9,99488 
9,99486 
,9.994_84 
9,99482 
9,99480 
9,99478 
9,99476 

9.99474 
9,99473 
9,99470 
9,99468 
9,99466 
9>99464 

9.994^ 
Sine 


Tangent 

9,14780 
9,14872 
9»*4963 
9.15054 
9i'5*45 
9,15236 

9»i53*7 
9,1547 

0,15508 
9,1^598 


9,15688 

9.15777 
9,15867 

9,i59S6 

9,16046 
9,16135 
9,162*4 
9,16312 
9,1640! 
9,16489 

9,16577 
9,16655 

9»l6753 
9,16841 
9,16928 
9,17016 
9,17103 
9,17189 
9.17*77 
9,'7363 
9,17450 

9.I7536 
9,17622 
9,17708 

9. '7794 
9,17880 
9,17965 
9,18051 
9,18136 
9,18221 

9,18306 
9,18391 
9,18475 
9,18560 
9,18644 
9,18728 
9,18812 
9,18896 
9,18979 
9^19063 

9,19146 

9,19229 
9,19312 
9,'9395 
9.19478 
9,19561 

9.19643 
9.19725 
,9,19807 
9,19889 
9,i997i 
Co -tan. 

Si  Degrees 


Co-tang. 


10,85220 
10,85128 

10,85037 
10,84946 
10,84855 

10,84764 
10,84673 

10,84583 

10,8449a 
10,84402 

10,84312 
10,84222 
10,34133 
10,84043 
10,83954 
10,83365 
i°j.83.77'6 
10,83688 
10,83599 
10,83511 

10,83423 
10,83335 
10,83247 
10,83159 
10,83072 
10,82984 
10,82897 
10,82810 
10,82723 
10,82637 

13,82550 
10,82464 
10,82378 
10,82292 
10,82206 
ic,8nio 
10,82034 
10,81949 
10,81864 
10,81779 

10,81694 
10,81609 
80,81525 
10,81440 
10,81356 
10,81272 
10,81188 
10,81104 
10,81021 
10,80937 


10,80854 
10,80771 
10,80688 
10,80605 
10,80522 
10,80439 
10,80357 
10,80275 
10,80193 
10,80111 
10,80029 


Tangent.    M 


Sine 

9~943~3 

9,i95i3 
9,19592 

9,19672 

9. '975 1 
9,19830 
9, 19909 

9,19988 
9,20067 
9,2014': 
9,20223 
9,20302 
9,20380 

9,20458 

9>*°535 
9,20613 
9,20691 
9,20768 
9.20845 
9,20922 

9^0999 
9,21076 

9,*"53 

9,21229 
9,21305 
9,21382 
9,21458 

9,21534 
9,21610 
9,21685 

9,21761 
9,21836 
9,21912 
9,21987 
9,22062 
9,22137 
9,22211 
9,22286 
9,22361 
9,22435 


9,22509 
9,22583 
9,22657 
9,22731 
9,22805 
9,12878 
9,22952 
9,23025 
9,23098 
9>23i7i 
9,23244 

9.23317 
9,23390 
9,23462 

9.^3535 
9,23607 
9,23679 

9»*375i 
9,23823 

9**3395 
9^*39^7 
Co-fine 


9  Degrees 


Co-fine 

9i9946* 

9,99460 

9,99458 
9.99456 
9.99454 
9,994>2 

9,9945° 
9,99448 
9,99446 

?j99444 
9,9944a 
9,99440 
9,99438 
9,99436 

9,99434 
9,99432 

9,994*9 
9,994*7 
9,99425 

9,99423 


9,99421 
9,99419 
9,9*9417 
9,994*5 
9,99413 

9,9941° 
9,99409 
9,99407 
9,99404 
9^99402 

9,99400 
9,99398 
9,99396 
9.99394 
9,99392 

9,9939°- 
9399387 
9,99385 

9,99383 
9.9938i 

9,99379 
9,99377 
9,99375 
9,99372 
9.99370 
9,99368 

9,99366 
9,99364 
9,9936a 
9^9_359 
9.99357 
9,993^5 
9.99353 
9.99351 
0,99348 
9,99346 

9,99344 
9.9934* 
9.99340 
9,99337 
9.99335 
Sine 


Tangent 

9.1997 ' 
9,20053 

9,20134 
9,20216 
9,20297 
9,20378 
9.20459 
9^0540 
9,20621 
9i*07pi 

9,20782 
$(,20862 
9,20942 

9,2l022 
9,21102 

9,2 1 18 1 

9,21261 
9,21340 
9,21420 
9>*i499 
9,21578 
9,2i6J7 
9,21736 
9,21814 
9,21893 
9,21971 
9,22049 
9,22127 
9,22205 
9,22283 
9,22361 
9,2*438 
9,22516 
9,22593 
9,22670 

9,22747 
9,22824 
9,22901 
9,22977 
9>*3054 

9.23131 
9,23206 
9,23283 
9,*3359 
9,*3434 
9,23510 
9,23586 
9,23661 

9.»3737 
9j^3££2 

9,23887 
9,23962 
9,24037 
9,24112 
9,24186 
9,24261 

9.24335 
9.24410 
9,244.84 
9,24558 
9j24f3_*_ 
Co-tan, 


So   JUegree* 


Table  of  Sines 

i  o    Degree 


and  Tangents,     ii52a:  58^ 

1 1  Degrees 


JM 

Sine 

Co-fine 

Tangent 

c 

9,23967 

9.99335 

9,24632 

J 

9,24039 

9.99333 

9,24706 

2 

9,24110 

9.99331 

9.24779 

3 

9,24181 

9.99328 

9,24853 

4 

9,24353 

9,99326 

9,24926 

5 

9,24324 

9.99324 

9,2500c 

e 

9.24395 

9,99322 

9,25073 

7 

9,24466 

9.993*9 

9,25146 

2 

9,24535 

9.993*7 

9,25219 

j> 

9,24607 

9j993JJ 
9.993*3 

9,25292 

IC 

9,24677 

9,25365 

II 

9,24-48 

9,99310 

9.25437 

12 

9,24818 

9,99308 

9,25510 

*3 

9,24888 

9,99306 

9.25f82 

1A 

9,24958 

9,99504 

9,25655 

■5 

9,25028 

9,99301 

9,25727 

16 

9,25098 

9,99299 

9.25799 

1? 

9,25168 

9.99297 

9.2>87i 

iS 

9.25237 

9>99294 

9.25943 

12. 

9125jo7 

9,99292 

9,26015 

2C 

9,25376 

9,99290 

9,26086 

21 

9.25445 

9,99287 

9,26158 

22 

9.255*4 

9>992S5 

9,26229 

23 

9,25583 

9,9928? 

9,26300 

24 

9,25652 

9,99281 

9,26372 

*5 

9,25721 

9,99278 

9,26443 

*6 

9,25790 

9,99276 

9,26514 

27 

9,25858 

9.99274 

9,26585 

28 

9,25927 

9,9927* 

9,26655 

29 

9.25995 

9,99269 

9,26726 

3- 

9,26063 

9,99267 

9,26797 

31 

9.2^1 3 1 

9,99264 

9,26867 

V- 

9,26199 

9,99261 

9.26937 

33 

9,26267 

9,99260 

9,27008 

3  + 

9,26335 

9.99257 

9,27078 

35 

9,26403 

9.99255 

9,27148 

36 

9,264.70 

9,99252 

9,27218 

3" 

9,26538 

9,99250 

9,27288 

3S 

9,25605 

9.99248 

9.27357 

39 

9,26672 

9^924-, 

9.274*7 

4- 

9,26739 

9.99243 

9,27496 

4i 

9,26806 

9,99241 

9,27566 

4s 

9,26873 

9,99238 

9,27635 

43 

9,26940 

9,99236 

9,27704 

44 

9,27007 

9,99233 

9,27773 

45 

9,27073 

9,99231 

9,27842 

46 

9,27140 

9,99229 

9,27911 

47 

9,272:6 

9,99226 

9,27980 

4? 

9>'-7a73 

5,99224 

9,28049 

49 

9>27339 

9,99221 

9.28  *  T7 

5° 

9,27405 

9,99219 

9,28lS6 

5i 

9.2747* 

9,99217 

9,28254 

5* 

9>27537 

9,99214 

9,28322 

53 

9,27602 

9,99212 

9,28391 

54 

9,27668 

9,99209 

9,28459 

55 

9.27734 

9,99207 

9,28527 

$6 

9,27799 

9,99204 

9.28595 

57 

9,27864 

9,99202 

9,28662 

5? 

9,27930 

5,99200 

9,28730 

59 

9>27995 

9.99  r97 

9,28798 

6 

9,28.60 

9^9_*95 
Sine 

9,28865 

Co-tan, 

Co-fine 

Co-tang. 

10,75368 
10,75294 
10,75221 
10,75147 
10,75:74 
10,^5000 
10,74927 
10,7484 
10,74781 
10,74708 
10,74635 
10,74^63 
10,74490 
10,74418 

I0.74345 
10,-4273 
10,-4201 

1^741 29 

10,74057 
10,73985 

10,73914 
10,73842 
10,73771 
10,73699 
10,73628 

i°.73557 
10,73486 
10,73415 

IQ.73344 
10,73274 


10,73203 
10,73133 
10,73063 
10,72992 
10,72922 
10,72852 
10,72782 
10,72712 
10,72643 
10,72573 

10,72504 
10,72434 
10,72365 
10,72296 
10,72227 
10,72158 
10,72089 
10,72020 
10,71951 
10,71883 

10,71814 
10,71746 
10,71677 
10,71609 
10,71541 
10,7  1473 
10,714.5 

io,7i337 
10,71270 
10,7120! 
10,71135 


79   Decree s 


Tangent 

■TS    OMlLJUUJ.i  ■     — 


M 


M  j    Sine 

oi9,2',-;o6; 
'9  28125 
9,2819c 
9,28254 
9,28319 
9,28384 
9,28448 
9,28:12 

9,^8577 
9,^8641 

9.2S705 
9,28769 
9,28833 
9,28896 
9,28960 
9,29024 
9,29:87 
9,29150 
9,29214 
9£f9277 
9,29340 
9,29403 
9,29466 

9,29529 
9,29^91 
9,29654 
9,29716 

9,29779 
9,29841 
9^29903 

9,29965 
9,30028 
9,30089 

9.3°*5* 
9,30213 

9,30275 
9,30336 
9,30398 
9.3°459 

9,30582 
9.30643 
9,30704 
9,30765 
9,30826 
9,30^87 

9.3°947 
9,31008 
9,31068 
9^3i_i29 
9,31139 
9,31249 
9,11310 

9.31372 
9,31430 
9,31490 

9.3^49 
9,31 6  9 
9,31669 
9,31728 


Co-fine 
9  99,95 
9,99192 
.,99190 
999187 
9,9918 
9,9918: 
9,99180 
9,99*77 
y.99^5 
9,99x72 


9,99170 
9,99167 
9,99165 
9.99162 
9,99160 
9,99157 
9-99*55 
9,99152 
9,99150 
9-l?9J47 

9,99*45 
9,99142 
9,99140 
9>99*37 
9,99*35 
9,99132 
9,99129 
9,99127 
9,99124 
9^99122 

9,99119 
9,99117 
9,99114 
9,99m 
9,99109. 
9,99106 
9,99104 
9,99101 
9,99099 

9i2222i 

9.99-93 
9,99091 

9,99088 
9,99085 
9,09083 
9,99080 
9,9907s 

9.99075 
9,99072 
9^9070 

9,99067 
9.99C64 
9,99062 

9,99059 
9,99056 

9,99054 
9,99051 

9,99048 

9,9904s 
9-99043 

9.3*783 j  9^99542 
I   Co-fine  I      Sins 


Tangent 

9,28*65 
9,28933 
9,25000 
9,29067 
9,29134 
9,29201 
9,29268 

9,29335 
9.29402 
9,29468 

9.29535 
9,29601 
9,29668 
9,29734 
9,19800 
9,29866 
9,29932 
9,29998 
9,30064 
9,30*20 

9.30195 
9,30261 

9,30326 
9,30391 

9,30457 
9,30522 

9.3°587 
9,30652 
9,30717 
9  30781 
9,30846 
9,30911 

9.30975 
9,31040 
9,31104 
9,31168 
9,3*233 

9,3*297 
9,31361 

9^31425 

9,314^8 

9,31552 
9,3rsi6 
9,31679 

9.3'743 
9,31806 
9, -,1870 

9.3*93^ 
9,31996 

^32059 

9,32122 
9,32185 
9,32248 
9,32311 

9,32373 
9,3*436 
9,32498 
9,32561 
9,32623 
9,326^5 

Co-tan. 


Co-tang.  J 

'00 

9 

5* 

57 

5<3 
55 


I  10,711:5 
10,71067 
10,71c:  o 

IO>7-933 
ic,-o866 
10,7—99 


10,-^0732 
10,70661; 
10,7-598 
i££o_5_3_2 

10,7.465 

1  ,70399 
10,7033- 

10,7:266 

I0,7O2i0 
10,70134 
10,70068 

10,70002 

10,69936 

10,69870 


10,69805 

10,69739 

10,69674 
10,69609 
10,6^543 
10, 1:9478 
10,69413 
10,69348 

10,69283 

10,69218 
10,69154 
10,69089 
10,69025 
10,68960 
10,68896 
ro,6S83J 
10,68767 
10,68703 
10,68639 
10,68575 

10,68511 
10,68448 
10  68384 

!  7,68320 

10,6^2.7 

10  6S194 

0,68130 

I.  ,68067 

10,680^4 
10,6-^941 

.'0,67878 
10,67815 
10,^7752 
ic.67689 
10,67627 
10,67564 
10,67502 
10,6-4:9 
10,07377 
10,67315 
10,67252 

Tangent 


54 

3 

52 

5_r 
5° 

4S 

47 
46 

45 
44 
43 
4a 

41 

40 

39 
3S 
37 
36 
35 
34 
33 
3» 
3f 
30 

*9 
28 

27 

26 

25 

24 
3 

2Z 
21 
20 
*9 

iS 

17 
id 

*5 

14 

3 

12 
if 

10 

9 
8 

7 
6 

5 
4 
3 
2 


.VI 


7  0      i-'wiiCtj 


F  f  f  f 


58( 

5 

Table  gF  Sines  and  T 

ANGENT3,       I  I  52. 

I  2    Degrees 

| 

1  3    Degrees 

M 

Sine      1   Co-fine 

Tangent 

Co-tang. 

j 

M 

Sine 

Co-fine  [Tangent 

Co-tang. 

0 

9/J7788 

9,99040 

9,32747 

10,67252 

JO 

o: 

9,35209 

9,98372 

9,36336 

10,63664 

60 

i 

9,3,847 

9,99038 

9,32809 

10,67190 

'.9 

1 

9,35263 

9,98869 

9,36394 

10,63606 

I 

2 

9,31907 

9.99035 

9,32871 

io,  "57128 

5" 

2 

9,353l8 

9,98866 

9,36451 

10,63548 

3 

9,31966 

9-99032 

9,32933 

10,67066 

57 

3!  9,55373 

9,q8S6.4 

9,365-9 

10,63491 

;7 

4 

9,32025 

9,90030 

9,32995 

10,67005 

56 

4 

9,3  427 

9,98861 

9,36566 

10,63434 

,6 

5 

9,32084 

9,990-7 

9,33057 

10,66994 

;5 

51 

9,3  548i 

9,98858 

9,36624 

'0,63376 

55 

6   9,32*43 

9,95024 

9,33  "9 

10,66881 

4 

6  9,35536 

9,98855 

9,3668! 

10,63319 

54 

7  9,33202 

9,99021 

9,33180 

10,66820 

3 

7  9,3  5-: 9° 

9,0882 

9,36738 

10,63262 

■3 

8J  9,32261 

9,99019 

9,33242 

10,66758 

52 

8  9,35644 

9,9884o 

9,3^795 

10,63205 

5^ 

<A9iV-V9 

9,99016 

9,333°3 

10,66697 

5i 

9 

9,35098 

9,98846 

9,36852 

10,63148 

5* 

10  9,32373 

9,99013 

9,3336°; 

10,66635 

5° 

ID 

9.15752 

9,98843 

9,36909 

10,63091 

50 

3i  9,37437 

9,99010 

9,33426 

10,66574 

49 

» 

9,35806 

9,98X4.0 

9,36966 

10,63034 

49 

12  9,32495 

9,99008 

9,33487 

10,66513 

48 

12 

9,35800 

9,98837 

9,37023 

10,62977 

48 

*3 

9,5*553 

9,99005 

9,3354s 

10,664,52 

47 

13 

9,359H 

9,98834 

9,37080 

10,629^0 

4-7 

34 

9,32612 

9,99002 

9,33609 

10,66391 

46 

14 

9,35968 

9,9883, 

9,37137 

10,62863 

46 

35 

9,32670 

9,99000 

9,33670 

10,66330 

45 

1  5 

9,36021 

9,98828 

9,37*91 

10,62807 

45 

16 

9,32728 

9  98997 

9,3373* 

10,66269 

44 

16 

9,36075 

9,98825 

9,3-250 

10,62750 

44 

37 

9,32786 

9,98994 

9,3-3792 

10,66:08 

4-3 

1? 

9,36129 

9,98822 

5,37306 

10,62693 

43 

j8 

9,32844 

9,9899s 

9.33853 

10,66147 

+21 

18 

9,36182 

9,98819 

9,37363 

10,62637 

42 

39 

9,32002 

9,989^9 

9_i3_39i3 

10,66087 

il 

I- 

9,36^36 

9,98810 

?i?7_4i9 

10,62581 

41 

20 

9,32960 

9,98986 

9,339-4 

10,66026 

^ 

20 

9,36289 

9,98815 

9,37476 

10,62524 

40 

si 

9,33018 

9,98983 

9,34034 

10,65966 

39 

27 

9,36342 

9,9^810 

9,37532 

10,62468 

39 

22 

9,33°75 

9-9:'98- 

9,34095 

10,65905 

$ 

22 

9,36395 

9,98807 

9,37583 

10,62412 

38 

23 

9,33133 

9,98978 

9>34i55 

10,65845 

37 

23 

9,36448 

9,988.-4 

9,37644 

10,62356 

37 

24 

9,33i90 

9,98975 

9,34215 

10,65784 

36 

24 

9,3r'5oz 

9,98801 

9,37700 

10,62300 

36 

z5 

9,3  324S 

9,98972 

9,34276 

10,65724 

35 

25 

9>365S5 

9,98798 

9,37756 

10,62244. 

i5 

26 

9,33305 

9,98969 

9,34336 

10,65664 

34 

26 

9,36607 

9,98795 

9,378i2 

10,62188 

34 

27 

9>33362- 

9,98966 

9,34396 

10,6  1604 

31 

27 

9,3-5-60 

9,98792 

9,37868 

1  ,62132 

33 

2? 

9'334i9 

9,.'»?964 

9,34456 

10,65544 

32 

■28 

9,36773 

9,98789 

9,37924 

10,62076 

3« 

29 

9,33477 

9,98961 

9,34516 

0,65484 

3i 

29 

9,36766 

9i987_86 

SVLt_98o 

10,62020 

21 

3°  9  =  33^34- 

9,9*958 

9-34575 

10,6542; 

30|]3 

9,36X18 

9,98783 

9,38035 

10,61965. 

50 

3i 

9,33  59i 

9,98955 

9,H635 

10,65365 

29JI31 

9,36871 

9,98780 

9,38091 

10,61009 

:9 

32 

9, 33647 

9,98952 

9,34695 

10,65305 

-8 

3  a 

9,3 '924 

9,98777 

9,38146 

10,61853 

28 

33 

9,337°4 

9,98950 

9»34754 

10,652^5 

27 

3  5 

9,36976 

9,98774. 

9,38202 

10,61798 

27 

34 

9,33761 

9,98947 

9,34814 

1 .,6fiS6 

t6 

54 

9,370  8 

9,98771 

9,38257 

10,61742 

26 

35 

9,338i8 

9,98944 

9,34873 

10,65 '2  i 

:.■ 

3-" 

9,37081 

9,9X768 

9,38312 

ic,6i6S7 

25 

36 

9,33874 

9,9894.1 

9,34933 

10,65067 

24 

36 

9,37113 

9,98765 

9.38368 

10,61632 

24 

37 

9>33S3* 

9,9S938 

9,3+992 

10,6.008 

-3 

37 

9,37185 

9,9X762 

9,3X423 

10,61  ,77 

13 

$85  9-339^7 

9,98936 

9,35051 

1-- ,64910 

i-2 

33 

9,37237 

9,98759 

9-38479 

10,61521 

22 

39]  fel^Qjj 

9j9_8o33 

9-3  >IT 

10,64889 

zt 

39 

9-37289 

9,98-56 

<^385i4 

10,61466 

2t 

40  9,34100 

9,98930 

9,35170 

10/14830 

20 

Le 

9,3734i 

9,98753 

9,38589 

10,61411 

20 

4lj  9,341  56 

9,98027 

9,3^29 

10,64771 

7  0 

4, 

9-37^93 

9,98749 

9,58644 

10,61356 

10 

42 

'9,342 '2 

9>9S924 

9,35288 

10,(14712 

;3 

42 

9.3"445 

9,98:46 

9,38699 

10,61301 

I? 

43 

9,3426S 

0,.|8,;2i 

9,3?346 

10,64653 

r.' 

4- 

9-57497 

9.98-43 

9,38754 

10,61246 

'7 

44 

9,34324 

9,98919 

9,3:405 

10,64<9i; 

\b 

44 

9,37549 

9,98740 

9,38808 

10,61192 

16 

45 

9>343Sc 

9,98916 

9,3  464 

10,64536 

:5 

45 

9,37600 

9,987^7 

9..3SS63 

10,61137 

J5 

46 

9,  i443  5 

9,98913 

9,35523 

10,64478 

1-4 

<•;-■ 

9,376.2 

9-9s734 

; 9,38918 

10,61082 

:4 

47 

9-34491 

9,9891. 

9,35  58i 

10,64419 

,3i}47 

9,37-04 

9,9873; 

[9,38972 

10,61028 

'3 

4S 

9,34547 

9,98907 

9,35640 

10,64360 

12 

V> 

9,37755 

9,98728 

1  9,39028 

10,60973 

12 

49 

9,34602 

9^98904 

9jo  5  69s 

?^%3JPff 

1  ■ 

45 

9,3  'S06 

9,9S72  5 

I  9,39081 

10,60918 

11 

5° 

9,34658 

9,98901 

9,35757 

10,64-43 

1 

\c 

9,37852 

9,98  22 

9»39*36 

10,60864 

10 

5' 

9'347i3 

9,08808 

9, 3  5  8  ^  5 

10,64185 

i 

5' 

9,37yo8 

9,98719 

9,39190 

10,60810 

9 

52 

9,34769 

9,98896 

9^5873 

10,64127 

g 

9,37960 

9,9S!7*5 

j 9,39245 

10,60755 

8 

53 

9,34824 

9,98893 

9,3593! 

:  10,64069 

7 

5: 

9,38011 

9,98712 

!9,39299 

1^,60701 

7 

54 

9,34879 

9,98890 

9,3  59s9 

10,6401 1 

6 

5) 

9,38062 

9,98709 

{ 9.39353 

1 0,601' 45 

6 

5' 

9.34934 

0,:,8887 

9,36047 

|  10,63953 

5 

5'j 

9,38113 

9,98706 

|  9,39407 

10,60593 

5 

56 

9»34929 

9,98884 

9,36105 

1  ^,63895 

4 

V 

9,38164 

;-;, 9X705 

S  9,39461 

10,60539 

4 

57 

9>35°4!- 

9,98881 

9,36163 

1 10,63837 

9 

s- 

9,38215 

9,98700 

*  9,39515 

10,60484 

J 

5* 

9>35°99 

0,98878 

9,36221 

1  10,63779 

2 

5* 

9,38366 

-  9*98697 

j  9, 19  ([69 

10,60431 

2 

59 

9,35'54 

9,08X75 

9,36279    io,63"-2i 

1 

'[ 

9,38317 

9,98604 

•  9-396^3 

10,60577 

i 

60 

9,31:209 

0,qSS_7-, 

9,36336    10,63664 

0 

6t 

9ii&&7 

9,98690 

[  o,j 9677 

10/1032'j  jo 
"repent    M 

'~~    Co  r-p- 

'••'inf 

Co-tali.   !    Tangent 

rw 

Co -fine 

Sine 

»  Qo-t*n. 

77    i 

^gfees 

yb   I 

)es,reea 

Table  of  Sines  and  Tangents,     1152. 


58; 


1 4   Degrees 

! 

1 1;    Degrees 

IV! 

Sine 

Co-fine 

Tangent 

Co-tang. 

M 

Sine 

Co-fine 

Tangent 

Co-tang. 

0 

9,38567 

9,98690 

9,39677 

10,60323 

60 

0 

9,41300 

9,9849* 

9,42805 

10,57195 

iO 

1 

9,384.3 

9,98687 

9,3973! 

10,60269: 

59 

1 

9,4' 347 

9,98491 

9,42856 

10,57144 

59 

2 

9,38469 

9,9!V  84 

9,39785 

10,60215 

58 

2 

9,41394 

9,98483 

9,42906 

10..57094 

58 

3 

9,38519 

9, 9868 1 

9,39838 

10,^0162 

57 

3 

9,41441 

9,98484 

9,42957 

10,57043 

57- 

4 

9,38570 

9,98678 

9,39892 

10,60108 

56 

4 

9,41488 

9,98481 

9,43007 

10,56993 

5-6 

5 

9,3862: 

9,9^675 

9,39945 

10,60054 

5  5 

5 

9,4!535 

9,98477 

9,43°57 

10,56943 

55 

6 

9,38670 

9,98671 

9,39999 

1 0,6000 1 

54 

6 

9,41581 

9,98474 

9,43107 

10,5(892 

54 

7 

-9,387-1 

9,98668' 

9,40052 

10,59948 

53 

7 

9,41628 

9,98471 

9,43158 

10,56842 

53 

8 

9,3877! 

9,98665 

9,40106 

10,59894 

52 

8 

9,41675. 

9,98467 

9,43208 

10,56792 

5a 

_9 

9,38821 

9*9-8662 

9,40159 

10,59840 

5  J 

9 

9,41722 

9,98464 

9,43258 

1  ,56742 

5i 

10 

9,38871 

9,98059 

9,40212 

10,59788 

5°: 

IC 

9,41768 

9,98460 

9,43 10$ 

10,56692 

So 

11 

9,38921 

9,98655 

9,40266 

10,59734 

3-9 

I   ! 

9,41815 

9,98457 

9,41358 

10,56642 

49 

12 

9,38971 

9,98652 

0,40319 

10,59681 

48 

12 

9,4186 r 

9,98453 

9,43408 

10,56592 

:-8 

!3 

9>3902i 

9,98649 

.9,40372 

10,59628 

47 

I3     9,4:908 

9,98450 

9,43458 

10,56542 

47 

H 

9,39071 

9,98646 

9,4:425 

'o,59575 

t- 

14    9,41954 

9,98447 

9,435o8 

10,56492 

46 

i-, 

9,39121 

9,98643 

9,40478 

10,59522 

4 1 

15 

9,42001 

9,98443 

9,43558 

10,56442 

45 

76 

9,39170 

9,98639 

9,4053! 

10,59469, 

44 

16 

9,42047 

9,98440 

9,43607 

10,56393 

44 

17 

9,39210 

9,98636 

9,40584 

10,59416. 

43 

!7 

9,42093 

9,98436 

9,43657 

10,56343 

43 

kg 

9-392%9 

9, .,8633 

0,40^36 

10,^363 

4-2 

18  9,42I39 

9.-98433 

9,43707 

10,55293 

<& 

12 

9>393'i9 

9,98630 

9,40689 

1 -,593 1  j 

4-i 

19 

9,42186 

9,98429 

9,43756 

10,56244 

4i 

20 

9,3936S 

9,98627 

9,40742 

'•-",59258 

40 

20 

9,42232 

9,98426 

9,43806 

10,56194 

KP 

21 

9,39418 

9,98623 

9>4C7Q4 

1  ,  59295 

39 

2; 

9,42278 

9,98422 

9,43855 

10,56145 

39 

11 

9,39457 

9,98:20 

9,40847 

I',59I53 

3« 

22 

9,42  324 

9,98419 

9,439°5 

10,56095 

3* 

23 

9,39>i7 

9,98617 

9,40900 

10,59100 

37 

2  3 

9,42370 

9,98415 

9,43954 

10,56046 

37 

24 

9,39506 

9,9S6i4 

9,4  T952 

10,59048 

36 

2.1 

9,42416 

9,98412 

9,44004 

10,55996 

3» 

-5 

9,  .9615 

9,98610 

9,41004 

10,58995 

35 

2- 

9,42461 

9,^,8408 

9,44053 

io,55947 

35 

a  ■> 

9,39664 

9,98607 

9^1057 

10,58943 

34 

^6 

9,42507 

9,98405 

9,44102 

10,55898 

54 

*7 

9,19713 

9,98604 

9,41109 

10,58091 

33 

27 
28 

9,42553 

9,98401 

9,44151 

1 0,55848 

3  > 

28 

9,39762 

9,98601 

9,41161 

10,58838 

3- 

9,42599 

9,98398 

9,44201 

!°,55799 

V- 

*9 

9,398n 
9,39360 

9,98597 
9,98594 

9,41214 
9,41266 

10,58786 

3.1 

3- 

29 
30 

9,42644 
9,42690 

9,98394 
9,98391 

9,44250 
9,44299 

*0>5575o 
10,55701 

\z 

30 

10, 587.34 

30 

33 

9,399°9 

9,98591 

9,41318 

10,58682 

29 

31 

9,42735 

9,98387 

9,44343 

10,55652 

'.9 

S2 

9,39957    9,98588 

9,41370 

10,58630 

2  5 

32 

9,42781 

9,98384 

9,44397 

10,55603 

i3 

33 

9,40006  J  9,98584 

9,4 1422 

10,58578 

2- 

33 

9,42826 

9.98380 

9,44446 

10, 55554 

27 

3-; 

9,47,055  I9  98581 

9>4U74 

10,58526 

2  6 

3  + 

9,42872 

9,98377 

9,449  95 

Io,555°5 

16 

35 

9,40103    9,985-8 

9,41526 

10,58474 

2? 

35 

9,42917 

9,98373 

9,44543 

ic,55456 

25 

3c 

9***5* 

.1,98,74 

9,4!  577 

10,58422 

24 

36  9,42962 

9,9S3-o 

9,44592 

10,55408 

24 

37 

9,40200 

9,98571 

9,41629 

io,j837i 

-3 

37   9,43007 

9,98366 

9,44041 

10>\i359 

1 

38 

9,40249 

9,98568. 

9,-41681 

10,58319- 

22 

38   9,43053 

9,98363 

9,44690 

10,553,10 

22. 

39 

9^40297 

9*985^5' 

9j4]7Jj 

io,-r;8267 

?.i 

39  9j43°lf 

9,98359 

9^4473^ 

10,55262 

21 

40 

9,40345 

9,98561 

9,41784 

10,58216 

10 

4019,43' 48 

9,98356 

9,44787 

10,55213 

20 

41 

9,40394 

9,98558 

9,4 l8  36 

10,58164 

19 

41 

9,43188 

9,98352 

9,44836 

10,55164  19 

42 

9,40442 

9,98555    9,4*887 

10,58113 

iS 

42 

9,43233 

9,98349 

9,44884 

10,55116 

18 

4; 

9,40490 

9,9355'  j  9,45939 

10,58061 | 17 

43 

9>43272 

9,98345 

9,44933 

10,55067 

17 

44 

9,40538 

9,98548  59,41990 

10,58010. 

16 

44 

9,43323 

9,98342 

9,44981 

10,55019 

16 

45 

9,40586 

9,98545 

9,42041 

10,57958 

15 

45 

9,4336/ 

9,98338 

9,45029 

j  0,549  7 1 

15 

46 

9,40634 

9,98541 

9,42093 

10,57907 

14 

+6 

9,43412 

9,98334 

9,45078 

10,54922 

14 

47 

9,40682 

9,9853s 

9,42144 

10,57856 

1  3 

47 

9,43457 

9,9833! 

9,45126 

10,54874 

11 

48 

9,4'  73° 

•9,98s'35 

9,4219s 

10,57805 

f2 

4fi 

9,43502' 

9,98327 

9,45*74 

10,54826 

IS 

49 

9,40778 
9,40825 

9,y853  r 
9,98528 

9,42246 
9,42297 

10,57754 
10,57703. 

II 

to 

49 

9,43546 
9,43591 

9,98324 
9,98320 

9,45222 

9>4527!. 

10,54777 

ir 

50 

10,54729 

10 

5' 

9,40873 

9,98525 

9,42348 

10,57652 

9 

5! 

9,43685 

9,98317    9,453!9 

10,54681 

9 

5* 

9,40921 

9,98521 

9,42399 

10,57601 

8 

52 

9,43680 

9,98313 

9,45367 

10^4633 

8 

53 

9,40968 

9,98518 

9,42450 

io,5755° 

7 

53 

9,437:4 

9,98309 

9,454! 5 

10,54585 

7 

54 

9,41016 

9,98515 

•.,42501 

10,57499 

6 

54 

9,43769.,  9,98306 ' 

9,45463 

!°,54537 

6 

55 

9,41053 

9,98511 

9,42552 

10,57448 

5; 

55 

9,438i3    9,98302 

9,455!i 

10,54489 

5 

S^ 

9,411 11 

9,98508 

9,42603 

10,57397 

4 

56 

9,43857    9,98299 

9,45559 

10,54441 

4 

57 

9,41158 

9,98504 

9,42653 

10,57347 

3 

-57 

9,4390!    9,98295 

9,456o6 

io,54394 

3 

s! 

9,41205 

9,98501 

9,42704 

10,57296 

2 

58 

9,43946  J  9,98291 

9,456S4 

'10,54346 

2V 

59 

9,41252 

9,98498 

9,4^755 

10,57245 

1 

\Q 

9,43990    9,98288 

9,45702 

10,54298 

I 

6c 

9,41300 

9,98494 

9.42805 

io_,J7£95_ 

0 

.60 

-9, 44° 34    9,98284 

9rW50_ 

.  io,-5425;o 

O 

Co-fine         Sine 

Co-tan. 

Tangent  jM 

~~ 

Co-fine  ;|      Sine 

'  Co-tan.  j    Tangent 

~M 

75  J 

degrees 

X 

,     74 

Degrees' 

Ffff  2 


5*8 


Table  of  Sines  and  Tangents,     1152. 


1 6    Degrees 


M 

Sine 

Co-  fine 

"0  9,4-4034 

9,9828' 

ij  9,44078 

9,98280 

2  9,^4122    9,98277 

3   9,44100  j  9,98273 

4  9,442:0]  9,98170 

5 

9*44253  \  9j9S2D0  j 

b 

9,44'-97  j  9*98262 

7 

9r4434i 

9/983591 

8   9,443«    | 

9/»82-55 

9 

?,444iS 

9,9'  251 

IC 

9,44472 

9,98248 

11 

9*445 T  5 

9,98244 

12 

9,44559 

9,98240 

*3 

9,44602 

9,98237 

M 

9,44046 

9,98233 

*5 

,9,44689 

9,98229 

lb 

9*4473  3 

9,98226 

n 

9*44  776 

9,98222 

i« 

9,44819 

9,98218 

19 

9,44862 

9,98215 

20 

9,44905 

9,9821 1 

21 

9*449^8 

9,98207 

22 

9.44991 

9,98203 

S3 

9>,t5034 

9,9>>20o 

44 

9*45°77 

9,98196 

2-5 

9,4512c 

9,98192 

80 

9,45163 

9,98189 

27 

9,45206 

9,9818^ 

s8 

9.45249 

9,98181 

29 

9,45291 

9,98177 

30 

9*45  334 

9,98174 

3' 

9*45377 

9,98170 

3* 

9*454 J  9 

9,98166 

33, 

9,45462 

9,98162 

34 

9*45504 

9,98159 

35 

9*4554" 

9,9Sl55 

3" 

9*45589 

9,98151 

37 

9,45632 

9,98148 

3* 

9>45674 

9,98144 

3^ 

9,45716 

9,98140 

4° 

9.45758 

9,98136 

4' 

9,45801 

9,98132 

42 

9,45843 

9,98128 

43 

9,458% 

9*98125 

<H 

9*45927 

9,98121 

45 
46 

9,45969 

9,98117 

9,4  6;;  1 1 

9,98113 

47 

9,46053 

9,98109 

48 

9,4609,5 

9,98106 

4j 

9,46136 

9,98102 

S<= 

9,46178 

9,98098 

6> 

9,46220 

9.98094 

&< 

9,46266 

9,98090 

S'i 

9,46303 

3,98087 

54 

9*4634S 

9,98083 

52 

9,46386 

9,98079 

jt 

9,46428 

9,98075 

67 

9,46469 

9*98071 

5' 

9,46511 

9,98067 

5S 

9,46552 

9,98063 

6c 

9>46593 

9,98060 

Corfinc 

Sine 

Tangent      Co-tang 


9*4575° 
9*45797 
9i45S45 
9,45892 

9*4594° 
9*4^987 
0,4.6035 
£,,46082 
9,46130 

9_*4^77 
9,46^:4 

Vj4=27I 

9,46319 

9,46566 

9,46413 
9,46460 

9,4r'5°7 
9*46554 
9,46601 
9,46648 
9,46694 
9,46741 
9,46788 
9.46835 
9,46881 
9,46928 

9*46975 

9,47021 

9,47068 
9j47_IH 
9,47160 
9,47207 
9>47253 
9,47299 
9*4734" 
9*47392 
9.47438 
?>47484 
9*47530 
9j475'7_6 
9,47622 
9*47668 
9.47714 
9,47760 
9.478o6 
9,47852 
9*47897 
9*47943 
9,47989 

9_*48o34 
9,4X080 
9,48126 
9,4X171 
9,48217 
9,48262 
9,48307 
9.48353 
9,48398 
9,48443 
9,48489 
9*48534 


10,54250160 

IO*542c3,59 

10,54155 

10,54107 

10,54060 

10,54012 

10,53965 

10,53918 

10,53370 

■0.51^3 

ic,  ,-5776 

10,53728 

10,53681 

10,.  3 634 

10,53587 

10,-3540 

IO*53493 
10,53446 

IC*53399 
ic.,^3  3  52 


1 7  Degrees 


73  Degrees 


I:;*53305 
10,53259 
10,53212 
10,53165 
10,53119 
10,53:72 
10,53025 
16,52979 
10,52932 
10,52886 

10,52T3^ 

10,52793 
10,52-47 

10,52700 

10,52654 
10,52608 

10,52562 
10,52516 
10,52470 
10,52424 

10,52378 
10,52332 

10,52286 
10,52240 
ic, 5*194 
10,52148 
10,52102 
10,52057 
10,52011 

l£*j^9_6J. 
10,51920 
10,51874 
10,^1829 
10,51783 
10,51738 
10,51692 
10,51647 
10,51602 
10,51556 
10,51511 
10,51466 

"Tangent 


40 
39 
3S 
37 
3* 
35 
34 
33 
32 
5i 
3$ 

-y 

£l 

'-7 
a  6 

25 

4 


iq 


M 


12 


Sine 


9*46593 
9,46635 
9,46676 
9,46717 
9,46758 
9,46800 
9,4684.1 
9,46882 
9,46923 
9,46964 


Co-fu 


»9 


40  9,48213 


M 


9,47004 

9*47045 
9,4.7686 
9,47127 
9,47168 
9,47209 
9,47249 
9*47-9° 
9*+733° 
9>47  37i 


9,47411 
9*4745J 
9*47492 
9*47533 
9.47573 
9,47613 
947654 
9,47694 
9*47734 
9.47774 


9,47814 

9,47854 
9,47894 

9*47934 
9*47974 
9.48014 
9,48054 
9,48094 

9*48i33 
9,48173 


9,48252 
9,48292 

9*483 32 
9,48371 
9,4841 1 
9*48450 
9,48489 
9,48529 
9,48568 


9.48607 

9*48647 
9,48686 

9*48725 
9*48764 
9*48803 
9,48842 
9,48881 
9,48920 

9.48959 
9,48998 


9,9^060 
9,98056 
9,98052 
9.98048 
9*98044 
9,98040 
9*98036 
9,9^032 
9,98029 
0,98025 


0,98021 
9*98017 
9*98013 
9,98009 
9,98005 
9,98001 

9.97997 
9*97993 
9*97989 
9,97985 


9,97982 
9*97978 
9.97974 
9*9797° 
9.979-6 
9,97962 
5*97958 
9*97954 
9.97950 
9-97946 


Co-fine 


9,97942 
9.97938 
9*97934 
9,97930 
9,97026 
9,97922 
9,97918 

9*979*4 
9,97910 
9,97906 


9,97902 
9.97898 
9.97894 
9,9 .890 
9,97886 
9.97S82 
9,97.78 

9,97874 
9,97870 
9,97865 


9,97861 
997857 
9*97853 
9.97849 

9*97845 
9,97841 

9.97837 
9.97833 
9.978?9 
9>97825 
9,97821 


Tangent 

9*48534 
9.4^ ^79 
9.48^24 
9,48669 

1.487*4 
9,487^-9 
9,48804 
948S49 
9.48894 
9.48939 


Co-tang, 


9,48984 
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9,06803 

9,60039 

30,39983 

'7 

4-. 

9,  54  90-3. 

9,97092 

9,57810 

1 -.,42190 

16 

44 

9,  68 54 

9,96798 

9,60c  6 

10,19944 

16 

*a 

9*54936 

9,97087 

9,57849 

10,4235-) 

r5 

4  s 

9,  68S5 

9,96793 

9,60093 

10,30907 

'5 

n». 

9,549^9 

9,97083 

9,57887 

10,423  33 

M 

*6 

9,56917 

9,96788 

9,61.330 

10,39870 

'4 

4: 

9,55003. 

9,97078 

9,^7925 

30,42075 

'3 

47 

9,^949 

9,96783 

9, 60366 

30,30834 

'3 

4s 

9,5  5°  3  6 

.9,97073 

9,57963 

30,42037 

12 

48 

9,56980 

9,96777 

9,60203 

'0,39797 

12 

49 

9, 5  5069. 

9,97068 

9,58001 

30,43999 

1  1 

49 

9,57012 

9.96772 

9,602^9 

30,39760 

13 

to 

9»55*«4  j  9,97063 

9,58039 

10,41963 

10 

,r 

9,57043 

9,96767 

9,60276 

'0,39724 

to 

5' 

9.55  n6    9,97059 

9,58077 

30,43923 

9 

51 

9.57075 

'9,96762. 

9,60333 

30,39687 

9 

52 

•9,55l69 

9,97054 

c,sSi3s 

10,4:885 

8 

■2 

9.571'  7 

9,967-7 

9,60349 

30,39653 

8 

55 

9,55202 

9.97049 

9,58'53 

30,41847 

- 

53 

9,57*3S 

9;  9^7  5  a 

9,6o38i'> 

10,39614 

7 

54 

9,5523  c 

9,97044 

9,58191 

10,^3809 

6 

54 

9,57169 

9,96747 

9,60422 

10,39578 

6 

5  5 

9,5526s 

9,97039 

•9,58229 

30,41771 

( 

1    ' 

9,57203 

0,0674- 

9,604^9 

10,39541 

5 

S6 

9,553°' 

9,97034 

.9,58266 

30,41733 

4 

56 

9,57232 

9,9iS737 

9,6049  s 

10,395-5 

4 

52 

9,55334 

9,97030 

9,58304 

30,43696 

3 

57 

9,57264 

9,96752 

9,6,532 

10,39468 

3 

5* 

9,55367 

9,97025 

9,58  342 

10,43658 

2 

8 

9,57295 

9,96727 

9,6oc6'S 

10,39432 

2 

59 

9,554oo 

9,97020 

9,58380 

3C,4l620 

1 

5< 

9,57326 

9,96722 

9,606'.-.  5 

10,39395 

1 

tlu 

9^55433 

9i?Z°ii 

9,^8418 

30,41582 

0 

6c 

2i?.Z3J-7 

9j9£7j7 

9,60641 

1  ,"9359 

0 

Co -line 

Sine 

Co-tan. 

,  Tangent 

53 

t 

!  Co -fine 

Sine 

Co-tan. 

T&ncefiq 

M 

- 

09    i«/e^rcc5                          i|                          os   u 

threes 
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59* 

22  Degrees 

23    Degrees 

M 

Sine 

Co- fine 

Tangent 

Co-taiig.  I 

M 

Sine 

Co-fine 

Tangent 

Co-tang. 

0 

9,57>57 

9,96717 

9,60641 

1:*393  59S6cj 

0 

9,59180 

9,9  04c  3 

9*627*5 

10,37215 

60 

i 

9»57389 

9,96711 

9,60677 

IO»3f3a3  S9 

1 

9,  .9217 

9,9^3971 

9,62820 

10,37180 

9 

* 

9,: 7420 

9,96706 

0,60714 

10,39286  U8j 

2 

9*59247 

9,96392 

9,62855 

10,37145 

5* 

3 

9*5H  "i 

9,96701 

9,6075c 

'0,39250 

ll\ 

3 

9*59277 

9,96386 

9,62890 

0,37x09 

:>7 

4 

9,^7482 

9,96696 

^63'  ?-6 

id,39ii4 

56. 

4 

9,59j°7 

9,96381 

9,62925 

10,37074 

56 

5 

9,57,14    9,95691 

9,60822 

10,39177 

15 

5 

9*59336 

9,96376 

9,62961 

IO*37039 

55 

6 

9*57545 

9,96606 

9,60859 

ip;$9H* 

54; 

6 

9,59306 

9,96370 

9,62992 

10,37004 

54 

7 

9,57-76 

q,g6  ■j8i 

9,  -.0S93 

10,39105 

55» 

7 

9»5y395 

9,96365 

9,63051 

10,36969 

53 

8 

9,57607 

9,96676 

9,69931 

10,39069 

I* 

8 

9*59425 

9,96360 

9,63066 

10,36934 

5a 

■A 

9,57^38    $.-966  ° 

9,60967 

10,39033 

3 

J 

*5945: 

9,963.-4 

9,63100 

!  0,30899- 

;  t 

10 

9,57669 

9,96665 

o,Sicoi 

10,38996 

H 

10 

9,5H84 

9*96349 

9*63i35 

10,36864 

50 

11 

9,57700 

9,96660 

9,61040 

10,38960 

49 

11 

9,59  5*4 

9,95:343  ;  9,6317- 

10,36830 

49 

12 

9*57731 

9,96655 

9,61076 

10,38924 

4S 

12 

9,59  543 

9*96338>  9*6.52 .5 

13,36795 

¥» 

'3 

9*5  77*~ 

9,96650 

9,61112 

10,38888 

V7 

'3 

9*59573 

9,9^332  i  9^3*40 

^0,36700 

47 

H 

9>57'93 

9,96645 

9,61148 

10,38*52 

,40 

'4 

9,59602 

9-96527  j  9*03275 

10,36725 

46 

J  5 

9,57824 

9>96  39 

9,61184 

10,388  6 

H 

'5 

9*5963i 

9,96322  1  9,6  3;  10 

(0,36-90 

45 

z6 

9*i78s4 

9,96634 

9,61220 

•0,  .'8780 

^. 

l6 

9,59661 

9,963x6  j  9,6  ,344 

10,36655 

44 

U7 

9,5788? 

9,96629 

9,6  1256 

IO,:s744 

43 

1 

9,59690 

9,9*5311    9,63^79 

10,36020 

43 

18 

9.57916 

9,96624 

9,61292 

10,38708 

i-i 

rfi 

9,59720 

9,96305 

9,63414 

10,36586 

42 

12 

9*57947 

9,56619 

9,61328 

feiiiz* 

ill 

r9 

9j59749 

9,96300 

9)63449 

10,3655! 

41 

;ao 

9*5"97S 

9,96614 

9,61364 

0,38656 

40; 

20 

9*59778 

9,96294 

9,63484 

10,36516 

40 

21 

9,58008 

9,9  608 

9,61400 

10,3860; 

d 

21 

9,59807 

9,96289 

9,6351s 

10,36481 

39 

22 

9,58039 

9,96603 

9,61436 

10,38564 

M 

22. 

9*5v837 

9,96284 

9,6355  5 

10,36447 

3S 

1*3 

9,58070 

9,96598 

9,61472 

10,38528 

m 

23 

9,59866 

9,96278 

9,63588 

10,36412 

37 

24 

9,58100 

9>96593 

9,61508 

10,38492 

I6] 

»4 

9,59845 

9,96273 

9,63623 

o,36377 

36 

3  5 

25 

908131 

9,96508 

9,6-543 

10,384s  6 

55 

J  5 

9,59924 

9,96267 

9,63657 

10,36343 

26 

9,58102 

9,96582 

9,61579 

10,38421 

14 

2& 

9*59954 

9,96262 

9,6369a 

10,36308 

34 

27  9,58192 

9>96577 

9,61615 

10,3838: 

J  3 

27 

9*59983 

9*96-56 

9,63726 

10,36273 

33 

28  9,58223 

9,96572 

9,6165. 

10,38349 

|2.j 

2S 

9,60012 

9,96251 

9,63761 

10,36239 

32 

,ffki5^-5j 

9*j?6js6_7 

9,61687 

10,38313 

ll\ 

29 

9,6004- 

9*96245 

9,6J796 

10,36204 

11 

30  9,58284. 

9,96  .61 

9,61722 

10,38278 

H 

30I  9,60070 

9,91-240 

9,63830 

10,36170 

30 

3119,58314 

9,96556 

9,61758 

10,38242 

19 

3J 

9,60099 

9,96234 

9,63865- 

10,36135 

29 

32)9,58345 

9*9655' 

9,61794 

10,38206 

igj 

5? 

9,60128 

9,96229 

9,63899 

10,36101 

2S 

:33  9.5S375 

9,9r'54^ 

9,61829 

10,38170 

H 

3  3 

9,60157 

9,96223 

9,63934 

10,36066 

27 

J 34 9»584°6 

9,96  41 

9,6186 

10,38135 

m 

34 

9,60186 

9,9  218 

9,-3968 

10,36032 

26 

'35  9:.s8+36 

9*96535 

9,61901 

10,58099 

25I 

35 

9,60215    9,96212 

9,64003 

i°*3  5997 

25 

J36  9,58466 

9,96,30 

9,6r936 

0,38003 

z4 

3ft 

9,6:244 

9,96207 

9,64037 

10,35963 

24 

'37  9,58497 

9,96525 

9,61972 

i  0,38028 

2. ,  1 

37 

9,60273 

9,96201 

9,64072 

10,35928 

23 

,38  9,5"5-7 

9,96519 

9,62008 

10,37992 

i2j 

38 

9,60302 

9,96196 

9,64io'5 

10,35894 

22 

139  9*5*557 

9,96509 

9,62043 

10,37957 
10,37921 

'.  Ij 
20I 

39 

40 

9,60330 
9,60359 

9.96190 
9,96185 

9,64140 
9,64175 

1.0,3 '860 
10,35825 

21 

40  9,58588 

9,62079 

2C 

41  9,58618    9,96504 

9,62114 

.0,37886 

I9S 

-!-i 

9,60388 

9,96179 

9,64209 

10,35791 

'9 

4* 

9,58648 

9,90498 

9,62150 

10,37850 

m 

'42 

9,60417 

9,96173 

9,64243 

10,35757 

18 

43 

9,58678 

9,96493 

9,62185 

10,37815 

i-i 

43 

9-60446 

9,96168 

9,64278 

10,35722 

r7 

44 

9,58708 

9,96488 

9,62221 

io*]7779 

(fij 

44 

9,60474 

9,96162 

9,04312 

10,15688 

16 

45 

9*g«7!39 

9,96483 

9,62256 

>o,37744 

-S\ 

4 

9,60503 

9,961  S7 

9,64346 

10,3^4 

'5 

46 

9,5876989,96477 

9,62291 

10,37708 

'A 

46 

9,60532 

9,96151 

9,64381 

50,35619 

>4 

47 

9,58799    9^96472 

9,62327 

''0,37673 

I3i 

47 

9,60561 

9,96146 

9,64415 

10*35585 

73 

48 

9,?88a9 

9,96467 

9,62362 

10,37638 

H 

4« 

9,60589 

9,96140 

9,64449 

10,3555' 

12. 

40  J  9,5*8859 

9,96461 
9,964s 6 

9,62398 
9,62433 

10,37602 

in 

49 

5- 

9,60618 
9,6046 

9*9£f35 

9,96129 

9,64483 
9,64517 

10,355-7 

11 

>  9758889" 

10,37567 

To 

10,35483 

10 

51,  9*58919 

'.),  96451 

9,62468 

10,375-32 

9 

•  1 

9,60675    9,961 23 

9,^45  2 

,'0,35448 

9 

52 

9,58940 

9,96445 

9,62504 

10,37496 

8 

52 

9,60704  1  9,961 18 

9,-4586 

10,35414 

S 

53 

9,58979 

9,9644° 

9*6^539 

10,37461 

7 

53 

9,60732  I  9,961  i2 

9,64620 

10,35380 

7 

54 

9,59009 

9>96435 

9,62574 

10,37426 

6 

54 

9,60761  |  9,96107 

9,64654 

10,35346 

6 

55 

9*59°39 

9,96429 

9,62609 

10,37391 

5 

55 

9,60789  j  9,96101 

9,64688 

10,35312. 

5 

56 

9,59069 

9,96424 

9,62644 

io,37355 

4 

56 

9,608  '8  I  9,96095 

9,64722 

10,3.-278 

4 

57 

9,59098 

9,96419 

9,62680 

10,37320 

3 

5  7 

9,60846 

9,96090 

9,64756 

10,35244 

3 

58 

9,59x28 

9,96413 

9,61715 

10,37285 

2 

52 

9,60874 

9,96084 

9,64790 

10,35210 

?■ 

59 

9,59158 

9,96408 

9,62750 

10,37250 

1 

r9 

9,60903 

9,96079 

9,64824 

10,35176 

T 

€0 

9,59188 

9,96403 

9,62785 

1  -,3721 5 

0 

60 

9,60931 

9,96073 

9,64858 

10,35142 

O 

Co-fine 

Sine 

Co-tan. 

Tangent 

M 

I  Co-fine        Sine 

oo-tan. 

Tsnsenr 

v7 

67    1 

legrees 

i 

/ 

"^*~* -Ty -S-. 

■      t(3     i 

Agrees 
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24  Degrees j -25  Degrees 


M 

o 

I 
2- 

3 
4 

5 
6 

7 
8 

J. 

10 

x 

12 

33 

14 

>5 

26 

17 
iS 

12 

20 
21 

22- 
23 

24 

*s 

26 

27 

23 

*9 

3° 

3 

3 

33 

34 

3j 

3* 

37 

3? 

39 

40 

41 
4,4 

43 
44 

4i 
46 

4" 
4I 

iCi 

5° 
5 
S 
S3 

54 

55 
,<> 
57 
S2 
5'-» 


Sine 
9,6093' 
9,60960 
9,60988 
9,61016 
9.6*045 
9,61073 
9,61101 
9,61129 
9,61158 
9,61 1 86 

9,61214 
9,61242 
9,61270 
9,61298 
9,61326 
9,61354 
9,61382 
9,61410 
9,61438 
9,61466 

9,61494 
9,61522 
9,61550 
9,61578 
9,6i6c6 
9,61634 
9,61662 
9,61689 
9,61717 

9,61773 

9,61800 
9,61828 
9,6181:6 
9,61883 
9,6191  j 
9,61939 
9,61966 
9,61994 
9,62021 

9,620.19 
9,6207ft 
9,67104 
9,-62x33 
9,621  9 
9,62iS6 
9,62213 
9,62241 
9,61268 
9,62296 
9,62323 
9,62350 
9,62377 
9,62405 
9,62432 
9/2459 
9,62486 
9,62513 
9,67.541 
9,62568 

^.6JL5JL5 
Co  fine 


Co-fine 

9,96073 
9,90067 
9,96062 
9,9056 
9,96050 
9,96045 

9»96o39 
9,96033 
9,96028 
9,96022 
9,96016 
9,96011 
9,96005 
9.95999 
9.95994 
9,95988 
9,95982 
9.95977 
9.9  97* 
9.95965 
9,95960 

9»95954 
9,95948 
9,95942 
9>95937 
9.95931 
9.959*5 
9>959'9 
9.959*4 
9>959°8 
9,95902 
9,95896 

9.95S91 

9,95X85 

9,95879 

9»95873 
9,9586s 
9,95862 
9>9Sg56 
9,95850 

9>95*44 

9,95838 

9>95833 
9,95827 

9.95S21 
9,95815 
9,9^810 
•9,95804 
9.9579^ 
9»9179^ 

9>9S785 
9,9)5780 
9.95775 
9>95769 
9^95763 
9>957^7 
9.957<:i 
9»95745 
9.95739 
9.95733 
9»9'7«8 

Sine 


Tangent 


9,64358 
9,64892 
9,64926 
9,64960 
9,64994 
9,65028 
9,65062 
9,65096 
9,65130 
9,65164 

9.65i97 
9,6521,1 
9,65265 
9,65299 

9»65333 
9,65366 

9,65400 

9.55434 

9,6541.7 

9>655Q* 

9>65535 
9,65568 
9,6  5602 
9,65636 
9,65669 
9,65703 
9.65736 

9»6577° 
9,65803 

9»«S*37 

9,65870 
9,65904 

9>65937 
9,6;97i 
9,66004 
9,6603.8 

9,66  71 
9,66104 
9,66138 
9,66171 

9,66204 
9,66238 
9,662.71 
9,60304 
9,66337 
9,66371 
9,66404 
9,66437 
9,66470 
92_6i5£3 
9,66537 
9,665-0 
9,66603 
9,66636 
9,66669 
9,66702 

9.66735 
0/676S 
9,66801 
9,66X34 
9,66867 

Co-tan. 


34667 

H634 
3460; 
34566 
34533 
34499 
H465 
3443* 
34398 
34364 
3433* 

34*97 
34264 
34230 
34^97 
341*3 

34130 
3409b 

34c63 
34029 
33996 
33962 
33929 
33896 
33862 

33?*9 

33796 
33762 

337«9 

U6q6 
33662 
33629 

^3596 
33563 


2q 


60 
59 
5? 

57 
f6 

55 

5-' 
53 
51 
5_> 

5U 

49 

48 

+7 

6 

+5 
44 

43 

42 

ti 

39 
38 
37 
6    24 

3  5  7-5 
34  *6 
33  *7 
28 

1? 
30 

31 

281  32 

27    3 
i4 
35 
36 

57 
38 

39 

40 
41 
4^ 
+ 

4b 
4 
48 
49 

',0 
5 


M 


65    iJe^i  c«ci 


Sine 

62595 
626^2 
02649 
62675 
62703 
62730 

62757 
6278.1 
60811 

02838 

6I865 
•-•2892 
62918 
62945 
629-2 
62999 
63025 
63052 
6-0-9 
^31. 6 

63133 
6  -,160 
63186 
632.2 
63239 
63266 
63292 
63319 
63345 

6.1372 

63392 

63425 

f345* 
63478 

635°4 

6353' 
63567 

63583 
63610 
63636 

6.366a 

63689 
63715 
63741 

5  3767 
63793 
63820 
63846 
63872 
65898 

63924 
63950 
63976 
64002 
6402  8 
64054 
6408  -j 
64106 
64132 
64158 
64184 

o-fine 


Co-fine 


*9S66S 

,95662 

»95%7 

.95f'5* 
.95545 
.9i639 
.95633 
,9  ..627 

,95*21 
,9  615 


,95438 

,95482 
.95476 
>9f47° 

,95458 
.9  5452 
,95446 
,95440 

,95433 


Sine 


Tangent 
9,66867 
0,66900 

9>6%3  3 
9,66960 
9,66999 
9,67.03a 
9,67065 
9,67098 

9>67i3i 

9,67163 

9,67196 
9,62.9 
9,67262 
9,67295 
9,673.7 
9,67360 

9<b7393 
9,6:426 
9,67458 
9^67491 
9,67524 

9,67  ,<;6 
9,6-89 
9,6762a 

9,67"  f4 
9,67687 
9,67719 
9,677 ',2 
9,67785 
9,67817 


9,6-850 
9,6788a 
9,07915 
9»67947 

9>67979 
9,68  12 
9,68044 
9,68  77 
9,6c  109 
9,68142 

9,681^4 
9,6820:) 
9,68239 
9,68271 
9,68303 
9,68336 
9,68368 
9,68400 
9,68432 
9,68465 

9,68497 
9,6^529 
9,68561 
9,68593 
9,68625 
9,686=8 
9,68690 
9,68722 
9,68754 
9,68786 
9,08818 
Co-tan 


<-o-tang. 

°>33*33 
0,33100 
0,33007 
0,33034 
0,3  001 
-,52968 

°>32935 
0,329..; 

0,32869 

0,328  6 

o,  •  2"8o4 
0,32771 
0,32738 
0,32705 
0,32679; 
0,3:640 
0,32607 
0,32574 
0,32542 
fYj25°9_ 
0,31476 
c,  2444 
0,3241 1 
0,32378 
0,32346 

0,3«313 

0,3228. 

,32248 

0,32215 

~,:.87 


,,32150 
0,321  18 
,32085 
^32053 
0,32020 
0,11988 
0,51956 
0,319-3 
0,31891 
0,31858 


\31826 

"'■>3I794 

0,31761 
0,31729 
0,31697 
0,31664 
0,31632 
0,31600 
0,3156^ 
o,3i535 


59 

5« 

-6 

55 
54 
53 
52 
51 
50 
49 
48 
47 
46 
45 
44 
43 
4* 

ti 
40 
39 
38 
37 
3* 
35 
34 
'3 
3* 
31 


0,515-; 
0,31471 

> ,   1.1   a. 

0,3  407 
,3  ■  374 
,3*34* 
,    M 

c,    i:< 

o.   1 

0,3    ' 


■9 

iS 

7 
16 

'5 

14 

'3 

12 

|i 

,.6 

1 

!S 
5 

4 

J 


k..^  Uegreea 


fa  Sine  . 
9,64.184 
9,64210 
9,64236 
9,64162 
9,64288 
9»64313 
9>643^9 
9,64365 
9,64391 
9»644*6 

9,64441 
9,64468 
9,64494 
9,64519 

9»64545 
9,64571 
9,64596 
9,64622 
9,64647 
9>64673 
9,64698 
9,64724 

9>64749 
9,64775 
9,64800 
9,64826 
9,64851 
9,64877 
9,64902 
9>64927 

9,64953 
9,64978 
9,65003 
9,65029 
9,65054 

9>6so79 
9,65104 
9,65130 

9i6si5S 
9^6^180 

9,65205 
9,65230 

9.65255 
9,65281 
9,65306 

9>6S33X 
9,6.5356 
9,65381 

9,65406 
9^5435 

9>65456 
9,65481 
9,65506 

9»6553' 
9.65556 
9,65580 
9,65605 
9,65630 
9,65655 
9,65680 
9*6j7°ji 
Co-fine 


I'able  of  StNEs  and  Tangents*    i  152; 

26  Degrees  )  27   Degrees 


593 


Co-fine 


9i95366 
9i9536o 
9,95354 
9.95347 
9»9534i 
9>95335 
9.953*9 
9.953M 
9,953*7 
9,953*° 

9,953°4 
9,95298 
9,95292 
9,95285 
9,95*79 

9»95273 

9,95267 

9,95261 
9,95*54 
9.95*48 
9,95242 

9>95*36 
9,95229 

9,95223 
9,95217 
9,95210 
9,95*04 
9,95198 
9*95*9* 
9.95' 85 

9.9SI79 
9.95*73 
9,95166 
9,95160 

9.95*54 
9,95148 

9.95*4' 
9.95*35 
9,95129 

9,95116 
9,95110 
9,95103 

9.95°97 
9,95090 
9,95084 
9,95078 
9,95071 
9.9  5  °6  5 
9.95°S$ 
9,95052 
9,95046 
9>95°39 
9.95033 
9,95027 
9,9  5020 
9,95014 
9,95007 
9,95001 
9.95994 
9.9^983 
Sine 


Tangent 

9,68818 
9,6885b 

9,6SS8z 
9,68914 
9,68946 
9,68978 
9,6§oio 
9,69042 
9,69074 
9,69106 

9,69138 
9,69170 
9,69202 

9>69*34 
9,69266 
9,69297 
9,69329 
9,69361 

9.69393 
9*69425 

9.69457 
9,69488 
9.69**0 
9,69552 

9»6.9583 
9,69615 

9,69647 
9,69679 
9,69710 
9,69742 


9.69774 
9,69805 
9,69837 


9,69900 
9,69932 
9,69963 

9.69995 
9,70026 
9,70058 


9,70089 
9,70120 
9,70152 
9,70184 
9,70215 
9,70247 
9,70278 
9,70309 
9,70341 
9.7Q372 
9,70404 

9.70435 
9,70466 
9,70498 
9,70529 
9,70560 
9,70592 
9.70623 
9,70654 
9,70685 
9>7°7*7 
I  Co-tan. 


Cortang. 


10,31182 
10131156 
10J31118 
10,31086 
10,31054 
10,31021 

icj30990 
10,30957 
'  0.30926 
10,30894 


48 


10^30002 
10,30830 
10,30798 
10^30766  I47 
1oj3°734  +6 

I0,*30702    45 
10,30671 
10^0639 
10,30667 

'^3°575 


10,30543 
10,30512 
10,36480 
10,30448 
10,30416 
10,30385 

I0.30353 
10,30321 

10,30290 
10,30258 


10,30226 
10*36195 
10,30163 
10,30131 
10,30100 
10,36068 
10,30037 
10,30005 
10,29974 
10^29942 

10,29911 
•0,29879 
10,29848 
10,29816 
10,29785 
10,29753 
10,29722 
10,29690 
10,29650 
10,29628 

10,29596 
10,29565 
10,29534 
10,29502 
10,29471 
10,29440 
10,29408 
10,29377 
10,29346 
10,29315 
10,29283 

Tangent  IM 


63  Degtee* 


Sine 

9.65705 
9,6,729 

9.65754 
9.65779 
9,65804 
9,65828 
9,65853 
9,65878 
9,65902 
9>659*7 

9.6595^ 
9,65974 
9,66001 
9,66025 
9,66050 
9,66075 
9,66099 
9,66124 
9,66148 
9,66173 
9,66197 
9,6622! 
9,66246 
9,66270 
9,66295 
9/66319 

9.66343 
9,66368 

9*66392 
9,66416 

9,66441 
9,66465 
9,66489 
9,66513 

9.66537' 
9,6656a 
9,66586 
9,66610 
9,66634 
9,66658 

p66;85 

9,66706 
9,66730 
9.66755 
9.66779 
9,66803 
9,66827 
9,66851 
9,66875 
9,66899 

9,66922 
9,66946 
9,66970 
9,66994 
9,67018 
9,67042 
9,67066 
9,67090 
9,67113 

9,67137 
9,67161 

Co-fine 


Co-fine    Tangent 


9,94988 
9,94982 
9>94975 
9.949*9 
9,94962 

9,94956 

9,949*9 

9,94943 
9.94936 

9.9493Q 
9.949*3 
9.949  *7 
9,94910 
9,94904 

9.94?97 
9,94891 
9,94884 
9,94878 
9,94871 
0^94865 

9.94858 
9^4852 
9.94845 
9.94839 
9,94832 
9.94826 
9,94819 
9,94813 
9,94806 

9.94799 

9,94793 
9,94786 
9,94780 

9,94773 
9,94766 

9.9476o 
9.94753 
9.94747 
9.9474o 
994733 

9>947*7 
9,94720 

9,947  H 
9,94707 
9,94700 
9,94694 
9,94687 
9,94680 
9,94674 
9j94f£7 
9,94660 
9,94654 

9»94647 
9,94640 

9.94634 
9,94627 
9,94620 
9,94614 

9,94*07 
9,94600 

9,94593 

Sine 


9,7°7*7 
9^0748 

9.7o,7? 
9,70810 
9,70841 
9,70873 
9,70904 

9.70935 
9,70966 

9.70997 

9,71028 

9.7 

9.7 
9*7 
9.7 
9,7 

9,7 
9,7 
9,7 

9>7 


059 

9° 

121 

152 
184 
215 
246 

277 
-08 

339 

370 
40b 

43 * 
462 

493 
524 

,86 

617 


648 
678 

709 
740 
77 1 
802 
832 


9,71863 
9»T  i  894 
9.7*9*5 

9»7,9SS 

9.7J986 
9,72017 
9,72048 
9,72078 
9,7210$ 
9,72140 
9,72170 
9,72201 
9*7**3* 
9,72262 
9,72293 
9*7*3*3 
9,7*354 
9,72384 

9,72415 

9*7*445 
9,72476 
9,72506 

9.72537 

'  2l7— 5JiZ 
Co-tan. 


Co-tang, 


G  g 


62 
g  g 


10,29183 
]  0^29252 
10,29221 
■0,29190 
10,29159 
10,29127 
10,29096 
10,29065 
10,29034 
10,19003 
10,28972 
10,28941 
10,28910 
10,28878 
10,28847 
10,28816 
10^28785 
10,28754 
10,28723 
10,28692 
10,28661 
10,28630 
10,28599 
10,28568 
10,28538 
10,28507 
10,28476 
10,28445 
10,28414 
10,28383 

10,28352 
10,28321 
10,28291 
10,28260 
10,28229 
10,28198 
i  0,-28' 1 67 
10,28  '37 
10,28106 
10,28075 
10,28044 
10,28014 
10,27983 
10,27952 
10,27922 
10,27891 
10,27860 
10,27830 

10,27799 
10,27768 

10,27738 

10,27707 
10,27677 
10,27646 
10,27616 
1 9,^7585 
io,27555 
10,275  *4 
10,27493 
10,27463 
i£^27433 
Tangent 


66 

5t 

5* 

57 
56 
55 

54 
53 

5a 

1 

49 

4S 

46 

45 
4* 
43 
4* 
41 

46 

3» 
37 
36 

35 

34 
33 
3* 

li 
30 

9 

28 

*7 

26" 

S 

24 

23 
2a 
21 

20 

19 

iS 

17 
16 

'5 
r4 
*| 

12 

11. 

10 


Degrees 


M 


594 


Table  of  Sines  and 

28    Degrees 


M      Sine      |   Co-fine 

9.94593 
9.94587 
9,94SSo 

9.94573 
9»94567 
9,94560 

9.94553 
9,94546 

9,94540 
9_£$>4533 
9,94516 

9.94519 
9,94512 
9,94506 

9.94499 
9,94492 

9-94485 
9,94479 
9.94472 
9>94465 


3 
Z 

3 
4 

« 

7 
S 

J_ 

Jo 

31 

12 
53 
*4 
*5 
36 

*7 
18 

12 

3.0 
41 

42 

43 

44 

»S 
46 

47 
38 
29 

30 
11 
32 
33 

34 


9,67161 
9,67185 
9,67208 
9,67234 
9,67256 
9,67279 
9,67303 
9,67327 
„9.6735° 
9^7J74 

;  9.67398 
9,67421 

9.67445 
9,67468 
9,67492 
;9.675r5 
9.67539 
9,67562 
9,67586 
9^67609 

9.67633 
9,67656 
9,67680 

9.677°3 
9,67726 
,9,67750 

9>67773 
9,67796 
9,67820 
9j?7?43 
9,67866 


9.679*3 
9,67936 

..  9>67959 

35  9.67982 

36  9,68006 

37  9,68023 
58  9,68052 
39  9^2°75 


40 

4i 
42 

43 
44 
45 

46 
47 
4S 

1? 
50 
51 
S* 
53 
S4| 

*« 

57 
53 
59 

to 


9,68098 
9,68121 

9,68144 
9,68167 
9,68190 
9,68213 
9,68236 
9,68259 
9,68282 
9>683°5 
9,68328 
9,68351 
9,68374 
9,68397 
9,68420 
9,68443 
9,68466 
9,68489 
9,68511 
9,68534 
9,68557 
Co  fine 


9,94458 

9,9445' 

9.94445 
9,94438 

9.9443* 
9,94424 

9.94417 
9,94410 
9,04404 
9294397 
9,94390 

9,943s  ; 
9.94376 
9,94369 
9,94362 

9.94555 
9,94349 
9.94342 

9.94^35 

9,94328 


9.943 

9.943 14 

9.943°7 

9,94300 

9,94293 

9,94286 

9,94279 

9,94272 

9,94266 

9.94* 59 
9,94252 

9.94245 
9,94238 
9,94231 
9,94224 

9,94217' 
9,94210 
9,94203 

9,94196 
j9,94i8o- 

!9»94»8» 

Sine 


Tangent 

9,72567 
9,72598 
9,72628 
9*72659 
9,72689 
9,72720 

9.72750 

9,72780 

9,72811 
9,72841 


9,72872 
9,72902 

9,72932 
9,72963 

9.72993 
9,73°23 
9.73°53 
9.73o84 
9.73  "4 

9.73«75 
9.73*°5 
9»73235 
9,73265 

9*73295 
9.73  326 
9.73356 

9.73386 
9,73416 
9.73446 
9.73476 
9.73507 
9.73537 
9.73567 
9.73597 
9,73627 

9.73657 
9,73687 

9.73717 
9^7  3  747 

9.73777 
9,73807 

9.73837 

9,73867 

9.73897 

9»7  3927 
9.73957 

9.73987 
9,74017 
9.74047 


Co-tang. 


9.74077 
9,74107 
9.74*36 
9,74166 
9,74196 
9,74226 
9.742  56 
9.742S6 
9,74316 
9.74345 
9.74375 
Co-tan. 

1 1  Degree* 


:o,27433 
0,27402 
0,27372 
0,27341 
0,27311 
0,27280 
0,27250  54 
0,27219  S3 


0,27189 

0,27 1 59 

0,27128 

0,27098 

0^27068 

■0,27037 

0,27007 

0,26977 

0,26946 

0,26916  .. 

0,26886  42 

0,26856 

0,26825 

0,26795 

0,26765 

0,26735 

.0,26704 

0,26674 

0,26644 

0,26614 

0,26584 

0,26554 

0,26524  30 

0,26493  29, 

0,26463  2S 

0,26433  27 

0,26403 

0,26373  25 

0,26343  24 

0,26313  2; 
0,26283  1: 
0,26253  4 


Tangen-ts,     1 1 52. 

29   Degrees 


M      Sine 


1,26223  20 
0,16193  19 
0,26163  18 

'.26133   17 

1,26103   16 

,,26073   '5 

1,26043 

>,»6oi3 

.,25983 

»>*5j>53 

.,25923 

.,25893 

.,25863 

'.25834 
^25803 

5774 
5744 
■57*4 
5684 

5655 
5625. 


0,4 

0,2 
0,2 
0,2 
0,2 


Tangent   M 


9,68557 
9,68580 
9,68603 
9,68625 
9,68648 
9,68671 
9,68694 
9,68716 

8  9,687,9 

9  9,68762 

c  9,68784 
9,68807 
9,68829 

3  9,68852 

4  9,68875 

5  9.68897 

6  9,68920 

7  9,68942 

8  9,68965 
12  9>68987 
20  9,69010 

9,69032 
9,69055 
9,69077 
9/9100 
9,69122 
9,69  r44 
9,69167 
9,69189 
9,69211 

9,69234 
0,69256 
9,69278 
9,69301 
9.693  3 
9,69345 
9,69368 
9,69390 
9,69+12 
9.69434 
9,69456 
9,69479 
9,69501 
9.69523 
9.69545 
9,69^67 

9.69S89 
9,69611 

48  9,69633 

49  9,60655 
9,69677 
9,69699 
9,69721 

9.69743 
9.69761 
9,69787 
9,69809 
9,69831 

9.69853 
9,69875 
9,69897 

Co- line 


Co-fine 
9,94182 

9.94175 
9,94168 
9,04161 
9»9+!54 
9.94*47 
9,94140 

9.94*33 
9,94126 

:9>94**9 
9,94112 

9.94*o5 
9,94097 
9,94090 

9.94083 
9,94076 
9,94069 
9,94062 

9.94055 
9^94048 

9,94041 

9.94034 
9,94027 
9,94020 
9,94012 
9,94005 
9,93998 

9.9399* 
9.93984 
9.93977 


9,93970 
9,93962 
9.93955 
9>93948 
9.9394* 
9.93934 
9,93927 

9.939*9 
9,93912 

9.939°5 

9>93s98 
9,93891 

9.93884 
9,938  6 
9.93869 
9.93862 

9.93855 
9.93847 
9,93840 

9.93833  1 
9.93826  I 
9.93818: 
9,93811 1 
9,93804 
9.93797 
9.93789 
o,937S2 

9.93775 
9.93768 

9.9376o  ' 

9.93751 
Sine 


Tangent 

9.74375 
9.74405 
9.7  443  5 
9.74464 
9.74494 
9.745H 
9.74554 
9.74583 
9,74613. 

9.74643 

9.74673 
9,74702 

9.74731 
9.747  62 

9.7479* 
9,748*1 
9,74850 
9,74880 
9,74910 
9»749 /39 
9,74969 
.9,74996 
9,75028 
19,75058 
9,75087 
9.75**7 
9.75*46 
9,75176 
9,75205 
9£5_23J 
9,75264 
9.75294 
9.7532-3 
9.753:3 
9,75382 

9.754** 
97544* 
9>75"470 
9,75500 
9'»75S*g 
9.75558 
9.75588 

9.756*7 

9,75646 

9.75676 
9.7  '7°5 

9,7i734 
9.75764 

9.75793 
0,7  822 


P.75852 
9.75S81 
9,75910 

9.75939 
9.75969 
9.7599s 
9,76027 
9,76056 
9,760X6 
9,76115 
9^76144 
Cq-tan. 


10,23885. 
10,27,85.6; 

TanReat ' 


60  Degrees 


M 


ii 
i* 
*3 

M 
*5 
16 

»| 

j8 

I5 

2 
2) 

22 


Sine 

o  5,69897 
9,69919 
9x6994.1 

9,69963 
9,69984 

5  9,70006 

I  9,7002s 

9,70050 
9,70072 

9*70093 


Table  of  Sines  and  Tangents,     1152. 

30  Degrees f  31    Degrees 


595, 


;  24 

25 

26 

27 

? 

29 

3c 
3> 
3* 

33 

34 

35 

3* 

3 

3? 

39 

4^ 

4i 

42 

43 

44 

45 

46 

4! 

5i 
50 
51 
52 
53 

54| 

55 

57 
5« 
59 
6c 


9,70115 

9>7°!37 
9,70158 
9,70180 
9,70202 
9,70224 
9*70245 
9,70267 
9,70288 
9,70310 


9,70332 
9>7°353 
9*7°375 
*3T9>7C396 
9,70418 
9*70439 
9,70461 
9,70482 
9,70504 
9>70525 
9.70547 
9,70568 
9,70590 
9,706  j  1 


Co-fine 

9*93753 
9*93746 
9,93738 
9*93731 
9,93724 
9,93716 
9,93709 
9,937:2 

9*93695 
9_*9_3j>£7 
9,93680 
9,93672 
9,93665 
9,93658 
9*93650 


Tangent 

9,76144 
9,76173 
9,76202 
9,76231 
9,76261 
9,76290 
9,76319 
9,76348 

9>76377 
9,76406 


9»76435 
9,76464 

9»76493 
9,76522 

,9*76551 
9*93643  9*76^8o 
9,93636  9,76609 
9,93328  9,76638 


.  o633 
9,70634 
9,70675 
9,70697 
9*70718 
9*70739 
9,70761 
9,70782 
9,70803 
9,70824 
9,70846 
9,70867 
9,70888 
9,70909 
9,70931 
9^70952 

9»70973 

9»7C994 
9,71015 

9,71036 

9*7' 057 
9,71079 
9,71100 
9,71121 
9,71142 
9,71163 
9*7  "34 
Co-fine 


9,93621 
9*93f_M 
9,93606 
9*9  3599 
9*9359J 
9*91584 
9*93  >77 
9*93569 
9*93562 
9>935<4 
9*93547 
9*93539 
9*9353a 
9*93525 
9*935r7 
9,93510 
9,93502 

9*93495 
9>93487 
9,93480 
9*93472 
9»9346s 

9*93457 
9*9345° 
9*9344* 
9*9343  S 
9*93427 
9,93420 
9,93412 
9*93405 
9*93397 
9»9339°_ 
9,93382 
9*93375 
9»93367 
9.9336o 
9*93352 
9*93344 
9.93337 
9*93329 
9,93322 

9>933i4 

9*933_°7 

Sine 


9,76667 
9*76696 

9,76725 
9,76754 

9*76783 
9,76812 
9,76841 
9,76870 
9,76899 
9,76928 
9.76957 
9,76986 

9*77015 
9.77044 
9.77073 
9,77101 
9,77130 

9,77159 
9*77i88 
9.77217 
9,77246 
9*77274 
9*77303 
9*77332 
9*7736i 
9,77390 
9,77418 
9*77447 
9>77476 
9*77505 
9*77533 
9>77562 


9*7759! 
9,77619 

9,77648 
9>77677 
9.77705 
9*77734 
9,77763 

9*77791 
9,77820 

9>77849 
9.77877 


Co-tan. 


Co-tang. 
10,23856 
10,23827 
10,23798 
10,23769 
!o,23739 
10,23710 
10,2368; 
10,236:2 
10,23623 
IO>23594 
10,23565 
10,23,30 
10,23507 
10,23478 
10,23449 
10,23419 
10,23390 

i°>233c'i 
10,23332 

if*  2  3  3_o  3 
10,23274 

10>23245 
10,23217 
10,23188 
10,23159 
10,23130 
10,23101 
10,23072 
10,23043 
10,23014 

10  22985 
10,22956 
10,22927 
10,22898 
10,22870 
10,22841 
10,22812 
10,22783 
10,22754 
10,22725 

10,22697 

0,226t>8 

10,22639 
10,22610 
10,2258* 

10,22553 
10,22524 
10,22495 
10,22467 
10,22438 

10,22409 
10,22380 
10,22352 
10,22323 
10,22294 
10,22266 
10,22237 
10,22208 
10,22180 
10,22151 
10,22123 


Sine 


+9 


59  Degree* 


Tangent 


M 


2Q 


9,71184 

9  71205 
9,71226 

'9>7i247 
9,71268 
9,71289 
9,71310 
9>7J33i 
h9*7i352 

9»7'393 

9,71414 

9*7H35 
9,71456 

9*71477 
9,71498 

9*71519 
9*71539 
9,71560 

9,71602 
9,71622 

9,71643 
9,71663 

9,71685 

9*7'7°5 
9,71726 

9, 7 » 747 

9,71767 

9*71788 
9,71808 
9,71829 
9,71850 
9,71870 
9,71891 
9,71911 
9,71932 
9*7 '952 
9*71973 
9*71993 
9,72014 
9,72034 
9.72055 
9,72075 
9,72096 
9,72116 
9,72137 
9,72157 

9.72177 
72198 

9,72218 
9,72238 
9,72259 
9,72279 
9,72299 
9*72320 
9*72340 
9,72360 
9,72380 
9,72401 
72421 


Co-fine 


Co -fine 


9.93307 
9,93299 
9,93291 
9  93284 
9,93276 
9*93268 
9*93261 

9*93253 
9,93246 

9>93238 

9,93230 
9,93223 

9-932I5 
9*93207 
9*9320o 
9,93192 
9.93184 
9,93'77 
9*93169 
9^93161 

9.93154 
9,93146 

9.93138 
9.93131 
9,93123 

9.93**5 
9,93107 
9*93ioo 
9,93092 
9f9i°i4 

9,93c77 
9.93069 
9,93061 

9*93°53 
9,93046 

9*93038 
9,93030 
9*93022 

9>93oi4 
9^93007 

9,92999 
9,92991 
9,92983 

9>92975 
9,9:968 
9,92960 
9,92952 
9,92944 
9,92936 

9.92929 
9,92921 
9,92913 
9,92905 
9,92897 
9,92889 
9,9-881 
9,92874 
9,92866 
9,92858 
9,92850 
9^92842 
Sine 


Tangent 


9»77877 
9,77906 

9*77935 
9.77963 
9,77992 
9,78020 
9,78049 
9,78077 
9,78106 
9»7Si35 
9,78163 
9,78192 
9,78220 
9,78249 
9,78277 
9,78306 

9.78334 
9*78363 

9.78391 
9*78419 

9*78448 

9*78479 
9,78505 

9*78533 
9,78562 

9.78590 
9,78618 
9,78647 
9,78675 
9-78704 
9,78732 
9,78760 
9,78789 

9*78817 
9,78845 
9,78874 
9,78902 
9,78930 
9,789  <,8 
9*7S9J7 
9,79015 

9.79043 
9,79072 
9,79100 
9,79128 
9,79156 
9.79185 
9,79213 
9,79241 
9.79269 

9.79297 
9,79326 

9*79354 
9,79382 
9.794io 
9*79438 
9,79466 
9*79494 
9*79523 
9.79551 
9*79579 
Co-tan. 


Co-tang. 


10,22123 
10,22094 
10,22065 
10,22037 
10,22608 
10,21980 
10,21951 
10,21922 
10,21894 
10,21865 


10,21837 
10,21808 
10,21780 
10,21751 
10,21723 
10,21694 
10,21666 
10,21637 
10,21609 
10,21580 


10,21552 
10,21524 
10,21495 
10,21467 
10,21438 
10,21410 
10,21382 
10,21353 
10,21325 
10,21296 

10,21268 
10,21240 
10,2121 1 
10,21183 
10,21155 
10,21126 
10,21098 
10,21070 
10,21041 
10,21013 


60 
59 
58 
57 
56 
55 
54 
53 
5s 

li 
50 

49 
48 

47 
45 

45 
44 
41 
4* 

ii 
40 

39 

38 

37 

3S 

35 
34 
331 
3* 
3f 

J» 

29 
2S 

27 

26> 

»5J 

24 
35 

2r 


10,20985 
10,20957 
10,20928 
10,20900 
10,20872 
10,20844 
10,20815 
10,20787 
10,20759 
10,20731 

10,20703 
10,20674 
10,20646 
10,20618 
10,20590 
10,20562 
10,20534 
10,20505 
10,20477 

10,20449 

10,40421 


Tangent 


20 
19 

iS 

*7 
iS 

15 
14 

J3! 
iz. 
iV 

13 

9 

S 

I 

5 

4 
3 

% 
t 
o 


5  8    Decrees 
Gggg  2 
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3Z  Degrees 

33    Degrees 

*  i   ' 

M  J     Sine 

Co-fine 
9,92842 

Tangent 
9»795~9 

Co-tang. 

60 

M 

c 

Sine 
9,73611 

Co-fine  I  Tangent  | 

Co-t^ang. 
10,18748 

'oJ9, 72421 

10,204.21 

9*9*359 

9,81252 

6c 

*  9,7244i 

9,9l834 

9,79607 

1^20393 

59 

1 

9,7363o 

9,92351 

9,81279 

10,18721 

59 

aj  9,72461 

9,9282b 

9,79635 

1  -,20365 

58 

2 

9,73650 

9,9*343 

9,81307 

10,18693 

58 

3",9>7248i 

9,92818 

9,79663 

10,20337 

11 

3 

9,73669 

9,9*334 

9,8'335 

10,18665 

57 

4  9,-2502 

9,92810 

9,79691 

10,20309 

r* 

4 

9,73689 

9,92326 

9,81362 

10,18638 

S6 

5  9,725** 
■«  9*7*54* 

9,92802 

9,797*9 

10,2p2»jl 

S5 

5 

9,73708 

9,92318 

9,81390 

10,18010 

55 

9,92795 

9>79747 

10,20252 

5+ 

6 

9,737*7 

9,92310 

9,81417 

10,18582 

54 

7 

9,72562 

9,9*787 

9,79775 

10,20224 

53 

7 

9,73747 

9,92302 

9,81445 

10,18555 

53 

i 

9,72582 

9,92779 

9,79804 

10,20196 

52 

8 

9,73766 

9,92293 

9,8i473 

10,18527 

5* 

J9 

9,72602 
9,72622 

9,92776 
9,92763 

9,7983* 

lr,2Cl68 

5' 

9 
10 

9»73785 
9,73805 

9,92285 
9,92277 

9,81500 

10,18500 

5i 

%o 

10,20140 

5° 

9,81528 

10,1847a 

50 

11 

9,72643 

9,9-^755 

9,79888 

10,20112 

49 

i  1 

9,73824 

9,922^9 

9,8i555 

10,18444 

4* 

la 

9,72663 

9*9*747 

9>799?6 

10,20084 

48 

12 

9.73*43 

9,92260 

9,81583 

10,18417 

48 

f3 

9,72683 

9,9*739 

9,79944 

10,20056 

47 

'3 

9,73863 

9,9225  * 

9,81611 

10,18389 

47 

11 

9,72703 

9>9273J 

9,79972 

l'",20028 

46 

14 

9,73882 

9,9**44 

9,81638 

I0,I836^ 

46 

9,72723 

9,9*723 

9,8oopo 

IC,SOOOO 

45 

'5 

9,739-1 

9,9**3  5 

9,81666 

10,18334 

45 

16 

9,72743 

9,92715 

9,80=28 

10,19972 

44 

16 

9.73920 

9,92227 

9,81693 

10,18307 

44 

11 

9,72763 

9,92707 

9,80056 

10,19944 

43 

17 

9,73940 

9,92219 

9,81721 

10,18279 

43 

P 

9,72783 

9,92699 

9,80084 

10,19916 

42 

18 

9,73959 

9,92211 

9,81748 

10,18252 

42 

9,72803 

9,9269* 

9,80112 

10,19888 

ti 

11 

9,73978 

9,92202 

9,81776 

10,18224 

4i 

40 

9,7.2823 

9,92683 

9,80140 

10,19860 

4-0 

20 

9*73997 

9,92194 

9,81803 

10,18196 

40 

?! 

9,72843 

9,92675 

9,80167 

10,39832 

39 

21 

9,74017 

9,92186 

9,81831 

io,i8if9 

39 

92 

9,72863 

9,92667  1  9,80195 

10,19804 

38 

22 

9,74036 

9,9*^77 

9,81858 

10,18141 

38 

?3 

9,72882 

9,92659    9,80223 

10,19777 

37 

*3 

9*74^57 

9,92169 

9,8i8S6 

10,18114 

37 

84 

$72902 

9,92651 

9,60251 

10,19749 

36 

24 

9,-407+ 

9,92161 

9,81913 

10,18086 

36 

*S 

9,72922 

9,92643 

9,80279 

10,19721 

35 

2  5 

9.74093 

9,92152 

9,81941 

10,18059 

35 

*6 

9,72942 

9>92635 

9,80307 

10,10^93 

34 

26 

9,74x12 

9,92144 

9,81968 

10,18032 

34 

27 

9,72962 

9,92627 

9,80335 

10,19605 

33 

27 

9.7413* 

9,92136 

9,81996 

1^,18004 

13 

23 

9,72982 

9,92619 

9,80363 

10,19657 

32 

2S 

9»"4i5i 

9,9*1*7 

9,82023 

10,17977 

3* 

29 

9,73002 
9,73022 

9,92611 

9,92603 

9,80391 
9,80419 

ic,i96c9 
10,19581 

3' 

29 

30 

9»74i70 
9,74189 

9.92"9 
9,92m 

9,82051 

10,17949 

3_» 

S° 

9,^2078 

10,17922 

3Q 

31 

9,73041 

9,9^595 

9,80447 

10,19553 

29 

3' 

9,74208 

9,92102 

9,82106 

10,17894 

29 

P 

9,73061 

9,92587 

9,80474 

10,19525 

28 

32 

-9*74227 

9,92094 

9,82133 

10,17867 

28 

33 

'9,73081 

9,92579 

9,80502 

10,19498 

11 

33 

9.74246 

9,9208s 

9,82161 

10,17839 

27 

34 

,9,73JC» 

9,9*57J 

9,80530 

10,19470 

34 

9,74*65 

9.92077 

9,82188 

10,17812 

26 

3S 

9,73121 

9,92563 

9,80558 

10,19442 

25 

35 

9,74284 

9,92069 

9,82215 

10,17784 

25 

36 

9,73140 

9,92554 

9,80586 

10,19414 

24 

36 

9.74303 

9,92060 

9.-2243 

10,17757 

'-4 

Al 

9,73160 

9,92546 

9,80614 

10,19386 

23 

37 

9,74322 

9,92052 

9.8-27 

10,17730 

25 

^8 

9,73180 

9,92538 

9,8064.1 

10,19358 

22 

38 

9,74341 

9,92044 

9,82298 

10,1770* 

22 

39 

9,73200 
9,73219 

9,9*53° 
9,92522 

9,80669 
9,80697 

10,19331 

21 

39 

40 

9,7  4}  60 
9,74379 

9.92035 
9*92027 

9.82325 
9,8235a 

10,1767s 
10,17648 

21 

40 

10,19303 

2C 

20 

4J 

9,73239 

9,92  ;J4 

9,80715 

10,19275 

19 

41 

9,74398 

9,92018 

9,82380 

10,17620 

«9 

4- 

9,73259 

9,9*505 

9,80753 

10,19247 

i3 

42 

9,74417 

9,92010 

9,82407 

io,i7593 

18 

43 

9,73278 

9,92498 

9,80-80 

10,19219 

>7 

43 

9,74436 

9,91001 

9,8*434 

10,17565 

17 

44 

9,73298 

9,92490 

9,80808 

10,19192 

16 

44 

9,74455 

9.91993 

9,82462 

10,17538 

16 

45 

9,733l8 

9,92482 

9,80836 

10,191-4 

'5 

45 

9,74474 

9,91985 

9,82489 

10,17511 

*5 

46 

9,73337 

9*9*473 

9,80864 

10,19136 

14 

46 

9*74493 

9,91976 

9,82517 

10,17483 

14 

47 

9.73357 

9,92465 

9,80892 

10,19108 

13 

47 

9,74512 

9,91968 

9,81544 

10,17456 

13 

48 

9,7337° 

9,9*457 

9,809  j  9 

10,19081 

12 

48 

9»7453i 

9»9I959 

9,82571 

10,174*9 

i» 

*2 

9*73396 

9>92449 

9j^°947 

10,19053 

i  1 

49 

9_>7454? 

9^91951 

9»8*599 

10,17401 

11 

5° 

9,73416 

9,92441 

9,80975 

10,19025 

I-- 

50 

9,74568 

9,91942 

9,82626 

10,17374 

10 

Si 

9,73435 

9»92433 

9,81002 

10,18997 

9 

51 

9,74^87 

9>9I934 

9,82653 

io,X7347 

9 

5* 

9,73455 

9,92425 

9,81030 

10,18970 

8 

5* 

9,74606 

9,919*5 

9,82680 

10,17319 

8 

$3 

9,73474 

9,92416 

9,81058 

10,18942 

7 

53 

9.74625 

9,91917 

9,82708 

10,1729a 

7 

54 

9,73494 

9,92408 

9,8  it  86 

10,18914 

6 

54 

9.74644 

9,91908 

9,82735 

10,17265 

6 

55 

9,735^3 

9,924oi 

9,81113 

10,18x87 

5 

9 

9,74662 

9,91900 

9,82762 

10,17238 

5 

» 

9,73533 

9,92392 

9,81141 

10,18859 

4 

9,74681 

9,91891 

9,82790 

10,17210 

4 

n 

9,73552 

9,92384 

9,81169 

10,18831 

3 

57 

9,747c  0 

9,91883 

9,82817 

10,17183 

3 

58 

9>73572 

9,9*375 

9,81196 

10,18804 

2 

5* 

9*747 '9 

9,9i874 

9,82844 

10,17156 

* 

29 

9,7359' 

9,92367 

9,81224 

10,18775 

1 

59 

9,74737 

9,91866 

9,82871 

10,17128 

t 

€c 

HI6!1 

9>9*3<9 

9,81252 

i?,i«74* 

0 

60 

9^7475^ 

9,91857 

9.**899 

10,17101 

0 

_4 

Co  line 

Sine 

Co-tan. 

Tangent 

M 

Co-fine 

Sine 

Co-tan. 

Tangent 

M 

!W 

. 

57  I 

Vgr^es 

' 

56  E 

•egrees 

Tabli  of  Sines  and  Tangents,    h^z. 
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34  Degrees 

M 

Sine 

Co-fine 

Tangent 

Co-tang. 

0 

9.T4756 

9791857 

9,82899 

10,17101 

6o" 

J 

9.74775 

9,91849 

9,82926 

10,17074 

59 

2 

9.74794 

9,91840 

9,82953 

ic, 17047 

5« 

3 

9,74812 

9,91832 

9,82980 

10,17019 

57 

41  9,74831 

9.9*8*3 

9,83008 

10,16992 

56 

5 

9,74850 

9,91815 

9,83035 

10,16965 

55 

6 

9.74868 

9,91806 

9,83012 

10,16938 

54 

7 

9,74887 

9,91798 

9.83089 

10,16911 

53 

8 

9,74096 

9,91789 

9,83116 

10,16883 

5* 

_9 

92-74924 

will? 

9j^3J44 

10,16856 

5» 

i° 

9.74943 

9,9177a 

9,83171 

10,16829 

5° 

u 

9,74961 

9,91763 

9,83198 

10,16802 

49 

12. 

9.7498o 

9.91755 

9,83225 

10,16775 

4S 

*3  9.74999 

9,91746 

9,83252 

10,16747 

47 

*4  9.75°*7 

9,91738 

9.83*79 

10,16720 

46 

»S 

9,75056 

9,91729 

9,83307 

10,16693 

45 

16 

9.7S°54 

9,91720 

9.83334 

10,16666 

44 

*7 

9.75°73 

9,91712 

9,83361 

10,16639 

43 

S8 

9  75°9* 

9,91703 

9,83388 

10,16612 

42 

2 

20 

9_>75*_*o 
9,75128 

9.91694 
9,91686 

9^83415 
9,83442 

10,16585 

+  1 

10,16557 

40 

21 

9,75*47 

9,91677 

9,83470 

10,16530 

39 

2*  9,75*65 

9,91668 

9.83497 

10,16503 

38 

23  9,75184 

9,91660 

9,83524 

10,16476 

37 

24  9,75202 

9,91651 

9.83551 

10,16449 

36 

*5|9.75*** 

9.91643 

9.83578 

10,16422 

35 

26  9.75*39 

9,91634 

9,83605 

10,16395 

34 

*7  9>75*58 

9,91625 

9,83632 

10,16368 

33 

*8,  9,75*76 

9,91617 

9,83659 

10,16341 

32 

*9  9.75*94 

3°;  9.75313 

9,91608 

9,9*599 

9,83686 
9.83713 

10,16314 

3£ 

10,16287 

3*|  9,7533* 

9,9*59* 

9,83740 

10,16259 

29 

3*'  9.75349 

9,91582 

9,83767 

10,16232 

2i 

33,  9  75368 

9>9'573 

9,83795 

ic, 16205 

27 

34:9,75386 

9,91565 

9,83822 

10,16178 

26 

35^.75405 

9,91556 

9,83849 

10,16151 

*5 

36  9.754*3 

9.9*547 

9,83876 

10,16124 

24 

37; 9.75441 

9,9I538 

9,839=3 

10,16097 

*3 

38 

9,75459 

9,91530 

9,83930 

10,16070 

22 

39 

4° 

9.75478 
9.7  5496 

9,91512 

9.83957 
9.83984 

10,16043 

21 

XO4I60I6 

20 

4i 

9,7  55*4 

9,9*5°3 

9,84011 

10,1(989 

19 

4* 

9.75533 

9,9*495 

9,84038 

10,15962 

iS 

43 

9.75551 

9,91486 

9,84065 

10,15935 

17 

44 

9.75569 

9.9 '477 

9,84092 

10,15908 

16 

45 

9.75587 

9,91468 

9,84119 

10,15881 

•5 

46 

9,75605 

9,91460 

9,84146 

10,15854 

14 

47 

9,75624 

9,9*45* 

9»84*73 

10,15827 

13 

48 

9,75642 

9,91442 

9,84200 

10,15800 

12 

49 
50 

9,75660 
9,75678 

9*9  *43  3 
9,91425 

9,84227 
9,84253 

10,15773 

11 

10,15746 

10 

m 

9,75696 

9,91416 

9,84280 

10,15719 

9 

5* 

9,7*7*4 

9,91407 

9»*43°7 

10,15693 

8 

53 

9.7573* 

9,91398 

9,84334 

10,15666 

7 

54 

9»757,;i 

9.9*389 

9,84361 

10,15639 

6 

55 

9»75769 

9,91381 

9,84388 

10,256-12 

5 

56 

9>75787 

9,91372 

9,54415 

10,15585 

4 

57 

9,75805 

9,91363 

9,84442 

10,15558 

3 

58 

9.758*3 

9.9*354 

9,84469 

10,15531 

2 

59 

9,75841 

9.91345 

9,84496 

10,15504 

1 

£c 

9>75859 

9.9*336 

9.845*3 

11>±WL 

0 

Co-fine 

Sine 

Co-tan. 

Tangent 

M. 

55  « 

>egrecs 

1 

35  Degrees 

M 

Sine 

Co-fine 

Tangent 

Co-tang. 

0 

9.75859 

9,91336 

4**4513 

,0,*5477 

60 

1 

9>75877 

9,91328 

9,84550 

10,15450 

59 

2 

9.75895 

9,91319 

9,84576 

10,15424 

5* 

3 

9.759*3 

9,9*3*o 

9,84603 

*°,*5397 

57 

4 

9.7593* 

9,9*3°* 

9,84630 

10,15370 

5* 

5 

9.75949 

9,91292 

9,84657 

*°.*5343 

55 

6 

9.75967 

9,91283 

9,84684 

10,15316 

54 

7 

9>75985 

9,9**74 

9,84711 

10,15289 

53 

8 

9,76003 

9,91265 

9,84738 

10,15262 

5» 

_9 

9,76021 

9,9**57 

9^84764 

10,1(236 

5* 

10 

9,76039 

9,91248 

9,8479* 

10,15209 

50 

i] 

9,76057 

9,91239 

9,84818 

10,15182 

49 

12 

9,76075 

9,9**3° 

9,84845 

10,15155 

48 

*3 

9,76093 

9,91221 

9,84872 

10,15128 

47 

'4 

9,76  m 

9,91212 

9,84898 

10,15101 

46 

1 5 

9,76128 

9,9**03 

9,849*5 

10,15075 

4S 

16 

9,76146 

9,9**94 

9,84952 

10,15048 

44 

17 

9,76164 

9,9118-; 

9,84979 

10,15021 

43 

18 

9,76182 

9,91*76 

9,84006 

10,14994 

4* 

11 

9,76200 

9^91167 

9,85032 

10,14967 

4* 

20 

9,76218 

9,9**58 

9,85059 

10,14941 

4o 

21 

9,76236 

9,91149 

9,85086 

10,14914 

39 

22 

9,76253 

9,91140 

9,85113 

10,14887 

3« 

*3 

9,76271 

9,9**3* 

9,85140 

10,14860 

37 

24 

9,76289 

9,91123 

9,85166 

10,14834 

3« 

25 

9,76307 

9.9***4 

9,85193 

10,14807 

3S 

26 

9,76324 

9,91105 

9,85220 

10,14780 

34 

*7 

9,76342 

9,91096 

9,85247 

10,14753 

33 

28 

9,76360 

9,91087 

9,85*73 

10,14727 

3* 

tl 

9,76378 

9j9™ll 

9.85300 

10,14700 

15 

30 

9.76395 

9,91069 

9,853*7 

10,14673 

3° 

3* 

9,76413 

9,91060 

9,85  3  53 

10,14646 

*9 

3* 

9,76431 

9,91051 

9.85380 

10,14610 

28 

33 

9,76448 

9591041 

9.8$4°7 

10,14593 

*7 

34 

9,76466 

9,91032 

9,8543+ 

10,14566 

26 

35 

9,76484 

9,91023 

9,85460 

10,14540 

*S 

36 

9,76501 

9,91014 

9,85487 

10,14513 

*4 

37 

9,765*9 

9,9*oo5 

9,85514 

10,14486 

*X 

38 

9.76537 

9,90996 

9,85540 

10,14460 

22 

39 

40 

?i?l_554 
9,76572 

9,90987 
9,90978 

9i8S5g7 
9,85594 

10, '443 3 

21 

10,14406 

20 

4* 

9.7*590 

9,90969 

9,85620 

10,14380 

*9 

4i 

9,76607 

9,90960 

9,85647 

*°.*4353 

iS 

43 

9.76625 

9,9095* 

9,85674 

10,14326 

*7 

44 

9,76642 

9,9094a 

9,85700 

10,14300 

16 

45 

9,76660 

9,9C933 

9.857*7 

10,14273 

*3 

46 

9,76677 

9,90924 

9>85754 

10,14246 

*♦ 

47 

9,76695 

9,90915 

9,85780 

10,14220 

*3 

48 

9,76712 

9.9C9°5 

9,85807 

10,14193 

12 

49 

5° 

9,76729 
9»76747 

9,90896 
9,90887 

9,8583+ 
9,85860 

10,14166 

11 

10,14140 

10 

5' 

9,76765 

9,90878 

9,85887 

10,14113 

9 

5* 

9,76782 

9,90869 

9,859*3 

10,14087 

t 

53 

9,76800 

9,90860 

9,85940 

10,14060 

7 

54 

9,76817 

9,90851 

9,85#7 

10,14033 

6 

55 

9,76835 

9,90842 

9»85993 

10,14006 

5 

56 

9,76852 

9,90832 

9,86020 

10,13980 

4 

57 

9,76870 

9,90823 

9,86046 

10,13954 

3 

58 

9,76887 

9,90814 

9,86073 

10,13927 

2 

59 

9,76904 

9.90805 

9,86099 

10,13900 

t 

60 

9^76922 

9^90796 

9,86126 

10,13874 

0 

Co-fine 

Sine 

Co-tan. 

Tangent 

M 

SI  * 

)egrees 

$9$  Table  of  Sines  and  Tangents,    1152. 

36    Degree* I 37   Degrees 


W 


Sine 
9,76912 

9,769"7 
9>76974 
9,76991 

9»770'9 
9,77026 

9»77°43 
9,77061 
9^77078 

9.77*25 

9,77  »3«> 
.,  9*77*47 
>4  9»77,64 

9,77181 

9,77»99 
9,77216 

9.77^S3 
9>77*5° 
9,77267 
9.77a8s 
9,77302 
.9,773 '9 
9»77336 
9*77353 
9*77370 
9.77387 
9*77405 
9.774*2 


Co-line     Tangent 


Co-tang. 

10,13874 
10,13847 
10,13821 
10,13794 
10,13768 
10,13741 

10*«37«5 
10,13688 
10,13661 

10,13608 
10,13582 

*°»*i555 
10,13529 

IO,I3SC2 
10,13476 
10,13449 
10,13423 
10,13396 
10,13370 


M 


Sine 


Co- fine     Tangent 


Co-tang. 


t 

36 

37 
18 

12 
20 
21 

22 
23 

*4 

II 

*7 
38 

11 

30 

3» 
3* 
33 


9*77439 
9.774S6 
9.77473 
9*7749o 
34'  9.77507 
35  9,775*4 
3«i  9,7754» 
37!9,77558 


9.77575 
9.2759* 

40J  9,77609 
9,77616 
9,77643 

43  9,7766o 


9»77677 
9*77694 
9.777U 
9,777*7 
9,77744 
9,77761 

9»77778 
9,7.7795 
9,778j2 
9,77**9 
9,77845 
9,77862 

9»77879 
9.77*96 
9,779  »  3 
9,779*9 
»,77946 
Co- fine 


9,90796 
9,90787 

9*907'7 
95,90768 
9,90759 
9,90750 

9,9^74* 
9,90731 
9,90722 

9,90704 
9,90694 
9,90685 

9,90676 

9,90667 

9,9*^57 
9,90648 
9,90639 
9,90630 
9,90610 


9,86126 
9,86 1-  3 
9,86179 
9,8621.6 
9,8623a 
9,86259 
9,86285 
9,86312 
9,86338. 

9JL8l.3l5 
9,86391 
9,86418 
9,86444 
9,86471 
9,86497 
9,^6524 
9,86550 
9,86577 
9,86603 
9,86630 


9,906 1 1 

9,90602 
9>9C>592 

9,90583 

9,90574 
9,90564 

9,9<-555 
9,90546 

9,>o537 
9.905*7 


9,90518 
9,90508 
9,90499 
9,90490 
9,90480 

9,90471 
9,90462 

9. 9°453 
9,90443 

9^5433 
9,90424 
9,90415 
9,90405 
9,90396 
9,90386 
9>9©377 
9,90368 

9»9°358 

9>9°349 
9>9°J39 

9>9°33° 
9,90320 
9,90311 

9,90301 
9,90293 

9,90282 

9,90473 
9,90263 
9,90254 
9,90244 
9?9o*J5 
Sine 


9,86656 
9,86683 
9,86709 
9,86736 
9,86762 

9,86789 
9,86815 

9,86842 
9,86868 
9,86894 

9,86921 
9,86947 

9,86974 
9,87000 
9,87026 

9,87053 
9,87079 

9,87106 
9,87132 
9,871,8 

9T87i85 
9,87211 
9,87238 
987264 
9,87290 
9,87317 

.-7343 
9»87369 
9,87396 
9.87422 

9I87448 

9,87475 
9,87301 
9,87527 

9,87554 
9,87580 
9,87606 

9,87633 
9,87659 

9,87685 
Co-t«n.  • 


i°.J3344 
'0,13317 
10,13291 
10,13264 
10,13238 
10,132'! 
10,13185 
10,13158 
10,13132 
10,1310; 

10,13079 
10,13053 
10,13026 
10,13000 
10,12973 
10,12947 
10,12921 
10,12894 
10,12868 
10,12841 

10,12815 

10,12789 
ic, 12762 
10,12736 
10,12710 
10,11683 
10,12657 
10,11631 
10,12604 
10,12578 

10,1255? 

10,12525 
1 o, i 2499 

10,12473 

10,12446 
10,12420 

10,12394 

10,12367 
10,12341 
10,12315 
10,12289 

Tangent 


M 


53    degrees 


9.77946 
9,77963 
9,77980 

9>77996 

9,78013 
9*78030 
9,78047 
9,78063 
9,78080 
9^78097 

9,78113 
9,78130 

9,78147 
9,78163 
9,78180 
9,78197 
9,78213 
9,78230 
9,78246 
9,78263 


9,78280 
9,78296 
9,78ji3 
9,78329 
9,78346 
9,78362 
9,78379 
9,78395 
9,78412 
9,^8428 

9,78445 
9,78461 

9,78478 

9,78494 
9,78510 
9,78s27 

9,78543 
9,78560 
9,78576 

9±LhH 
9,78609 
9,78625 

9.78642 

9,78658 
9,78674 
9,78691 

9,7s  7°7 
9,78723 

9,78739 
9,78772 

9,78788 
9,78804 
9,78821 
9,78837 

9,78853 
9,78869 
9,78886 

9,78902 

9,78918 
9^78934 

Co-fine 


9,90235 
9,90225 
$,90216 
9,90206 
9,90197 
9,90187 
9,90178 
9,90168 
9,90158 
9?9ot49 
9,90139 
9,90130 
9,90120 
9,90111 
9,90101 
9,90091 
9,90082 
9,90072 
9,90063 
9,90053 


9,87711 

9,87738 
9,87764 
9,87790 
9,87816 
9,87843 
9,87869 
9,87895 
9,87921 
9,87948 


9,87974 
9,88000 
9,88026 
9,88053 
9,8808c 
9,88105 
9,88131 
9,88158 
9,88i,-4 
9,88210 


9,90043 
9.90034 
9,90024 
9,90014 
9,90005 

9,89995 
9,89985 
9,89976 
9,89966 
9*89956 

9.89947 
9,s9937 
9,89927 
9,89918 
9,89008 
9,89898 
9,89888 
9,89879 
9,89869 
9.89858 
9,89849 
9,89840 
9,89830 
9,89820 
9,89810 
9,89801 
9,89791 
9,89781 
9.89771 
9^89761 

9,8975* 
9,89742 
9,89732 
9,89721 
9>&97ii 
9,89702 
9,89693 
9,89683 
9,89673 
9,89663 
9.89f,53 
Sine 


9,88236 
9,88262 
9,88289 
9,88315 
9.8S341 
9,88367 
9,88393 
9,88420 
9,88445 
9,88472 
9^88498 
9,88  24 
9,88550 
9,88576 
9,88603 
9,88619 
9,88655 
9,88681 
9,88707 
9^8733 

9,88759 
9,8878, 
9,88812 
9,88838 
9,88864 
9,88890 
9,88916 
9,88942 
9,88968 
9^88994 

9,89020 
9,89046 
9,89072 
9,89099 
9,89115 
9,89151 
9,89177 
9,*  51*03 
9,89229 

9>89*  5 
9,89281 

Co-tan. 


10,12289 
10,11262 
10,11236 

10,12110 

10,12183 
10,11157 
10,12131 

10,12105 
10,12078 
10,12052 
10,12026 
10,12000 
10,11973 
10,11947 
10,11921 
10,11895 
10,11869 
10,11842 
10,11816 
10,11790 

10,11764 
ic, 11737 
10,11711 
10,11685 
1,11659 
10,1 5633 
10,11607 
10,11580 
10,11554 
10,11528 

10,11502 
10,11476 
10,11450 
10,11423 
10,11397 
10,11371 

10,11345 
10,11319 
10,11293 
10,11267 


10,11241 
10,11214 
10,11188 
10,11162 
10,11136 
10,11110 
10,11084 
10,1 1058 
10,11032 
ic,uoo6 

10,10980 
10,10953 
^0,10927 
10,10901 
10,10875 
10,10849 
10,10813 
10,10797 
10,10771 
10,10745 
10,10719 


52  Degrees 


Tang' 


rut 


60 

59 
,8 

S7 
56 
55 
54 
53 
5* 
51 

50 
49 
48 
47 
46 
45 
44 
43 

1! 
40 
39 
38 
37 
36 

35 

34 
33 

3* 
v 
30 

32 

28 

*7 
6 

*5 
24 
23 

21 


M 


Table  of  Sines 

an< 

38  Degrees 

M 

Sine 

Co  fine 

9,89653 

Tangent 

Co-tang. 
10,1071$ 

60 

o 

9*7*934 

9,89281 

I 

9,78950 

9,89643 

9,89  3  "7 

10,10693 

59 

2 

9,78966 

9,29633 

9,89333 

10,10667 

58 

3 

9,78983 

9,89624 

9,89359 

10, 10641 

5l 

4 

9,78999 

9,89614 

9,89385 

10,10615 

56 

5 

9,79015 

9,89604 

9,89411 

10,10589 

55 

6 

9,79031 

9,89594 

9,89437 

10,10563 

54 

7 

9>79°47 

9,89584 

9,89463 

10,10537 

53 

S 

9,79063 

9,89574 

9,89489 

1 0, 105 1 1 

52 

J> 

9,79079 

9,89564 

9,895 r 5 
9,89541 

10,1=485 

51 

JO 

9,79095 

9,89554 

10,10459 

50 

ii 

9,79m 

9,89544 

9,89567 

10,10433 

49 

12 

9,79127 

9»89534 

9,89.^.93 

10,13407 

48 

13 

9,79 144 

9,89524 

9,89619 

10,10381 

47 

14 

9,79160 

9,89514 

9,89645 

10,10355 

46, 

'5 

9,79i7<5 

9,89504 

9,89671 

10,10329 

45 

76 

9,79192 

9,89494 

9,89697 

10,10303 

44 

17 

9,79208 

9,894.85 

9,89723 

10,10277 

43 

18 

9,79224 

9,89475 

9,89749 

10,10250 

42 

12 

9,79Ho 
9,79.256 

9,89465 
9,89455 

9**9775 
9,89801 

10,10225 

41 

ao 

10,10199 

40 

ai 

9,79272 

9,89445 

9,89827 

10,10173 

39 

22 

9,79288 

9,89435 

9,89853 

10,10147 

38 

*3 

9,79303 

9,89425 

9,89879 

10,10121 

37 

*4 

9>793»9 

9,89415 

9,89965 

10,16095 

36 

*5 

9,79335 

9,89405 

9,89931 

10,10069 

35 

26 

9,793  5* 

9,89395 

9,89957 

to, 1 004  3 

34 

27 

9»79367 

9,89385 

9,89983 

10,10017 

33 

23 

9,79  333 

9,89374 

9,90009 

10,99991 

32 

09 

9,79399 
9,794*5 

9,89364 

9.90035 
9,90060 

10,09965 

31 

30 

9,89354 

10,09939 

30 

3i 

9,7943* 

9,89344 

9,90086 

10,09913 

29 

3* 

9,79447 

9,89334 

9,90112 

10,09888 

28 

33 

9,79463 

9,89324 

9,90138 

10,09862 

27 

34 

9,79478 

9,89314 

9,90164 

10,09836 

26 

35 

9,79494 

9,89.304 

9,90190 

10,09810 

»5 

36 

9,795io 

9,89294 

9,90216 

10,09784 

24 

37 

9,79526 

9,89284 

9,90242 

10,09758 

23 

38 

9,79542 

9,89274 

9,90268 

10,09732 

22 

39 

9,79557 
9,79573 

9,89264 
9,89254 

9,90294 
9,90320 

10,09706 

24 

20 

40 

10,09680 

4' 

9,79s89 

9,89243 

9,9°345 

10,09654 

19 

42 

9,796)5 

9,89233 

9,90371 

10,09629 

18 

43 

9,79621 

9,89223 

9,9=397 

10,0960.3 

17. 

44 

9,79636 

9,89213 

9,904.23 

10,09577 

16 

45 

9,79652 

9,89203 

9,90449 

1P>°955»- 

*5 

46 

9,79668 

9»89.i93 

9,90475 

10,09525 

*4. 

47 

9,79684 

9,89183 

9,93501 

10,09499 

13 

48 

9,79699 

9,89173 

9,90527 

10,09473 

12 

49 

9,797  Is- 

9,89162 
9,89152 

9,9°553 

9,90578 

10,09447 

11 

50 

9,79731 

,10,09421 

10 

5i 

9,79746 

9,89142 

9,90604 

10,09396 

9 

52 

9,-79762 

9,89132 

9,90630 

10,09370 

8 

53 

9,79778 

9,89122 

9,9-656 

10,09344 

7 

54 

9,79793. 

9,89  in 

9,90682 

10,09318 

6 

£5 

9,798o9 

9,89101 

9,90708 

10,09292 

5 

56 

9,79.825    9,89091 

9,90734 

10^09266 

4 

57 

9,79840    9,89081 

9>9°7S9 

10,09241 

3 

58 

9,798^6    9,89071 

9,90785 

10,09215 

2 

59 

9,79872    9,89060 

9j9o8ii 

10,09 189 

1 

6o|  9,798.87  |  9,89050 

9,90837 

j  0,09 16  3' 

q  ■ 

1  Co-fine  1      Sine 

Co-tan. 

Tangent.  \M. 

51 '  D 

egrees 

"1 

and  Tangents,     1152. 

39   Degrees 


599 


20 
ti 

22 

23 

24 
25 
26 
27 
28 
29 

30 
31 
32 

33 

34 
35 
36 
37 
38 
39 
40 

41 
42 

43 
44 
45 
46 

47 
48 

49 

5 
51 

51 
53 
54 
55 
56 
57 
58 
59 
6  c 


Sine 

9^9887 

9,79903 
9,79918 

9*79934 
9,79949 
9,79965 
9,79981 
9-79996 
9,80012 
9,80027 


Co- fine 

9,89050 
9,89040 

9,89  30 

9>*9CI9 
9,89009 

9 


9,80043 
9,80058 
9,8:074 
9,80089 
9,8:105 
9,80120 
9,80136 
9,80 1  c  1 
9,80166 
9,8018.2 
9,80197 
9,80213 
9,80228 
9,80243 
9,80259 
9,80274 
9,80290 
9,80305 
9,80320 
9>8o336 
9,80351 
9,80366 
9,80382 
9,80397 
9,80412 
9,80428 
9,80443 
9,80458 
9,80473 
9,80489 

9,80504 
9,80519 
9,80534 
9,80549 
9,80565 
9,80580 
9,80595 
9,80610 
9,80625 
9,80641 

9,80656 
9,80671 
9,8:686 
9,80701 
9,80716 

9*8?73* 
9,80746 
9?8c76i 

9,80777 
9,80792 
9,80806 

Cft-fine 


9,88978 
9,88968 
9,88958 


9. 

9,88937 

9,88927 

9,88916 

9,88906 

9,88896 

9,88885 

9,88875 

9,88865 

9,88854 


9,88834 
9,88823 
9,88813 
9,88803 
9,88792, 
9,88782 
9,88771 
9,88761 
9^8751 

9,88740 
9,88730 
9,88720 
9,88709 
9,88699 
9,88688 
9,88678 
9,88668 
9,88657 
9,88647 


9,88636 
9,88626 
9,88615 
9,88605 
9,88594 
9,88584 
9,88573 
9,88563 
9,88552 
9,88542 
9,88531 
9,88520 
9,88510 
9,88499 


9,88478 
9,88468 

9,88457 
9,88447 
9,88436 
9*88425 

Sine    . 


Tangent 

9,90837 
9,90863 
9,90889 
9,90914 

•9,9094c 
9,90966 

[9,90992 
9,91  18 
9,91043 
9^9^069 

9,91095 
9,9112? 
9,91147 
9,91172 
9,91198 
9,9' 224 
9,91250 
9,91276 
9,91301 

9,91353 
9*91379 
9,91404 
9,91430 
9, 914^6 
9,91482 
9,91507 

9>9J533 
9>9i559 
9,91585 


Co-tang 

10,09163  €0 

10,09137 

10,09111 

10,09086 

10,09060 

10,09034 
;  1 0,09008 

10,08582 

10,08956 
' 10,08931 


9,91610 
9,91636 
9,91662 
9,91688 
9,91713 

9*9i739 
9,91765 
9,91790 
9,91816 
9*91842 
9,91868 
9,91893 
9,91919 

9,91945 
9,91970 

;9>9*996 
9,92022 
9,92048 
9,92073 
9*92099 
9' 92125 

9  >  92 1 5° 
9,92176 

j9,92202 

:9,92227 
9,92253 
9,92279 
9,92304 
9,92350 
9,923  56 
9^2382 

Co-tan. 


59 

58 

55 
54 

B3 

$2 

51 


|i-,o8905  50 

10,08879 

10,08853 

10,08827147 

10,08802 

10,08776 

10,08750 

10,08724 

10,08699 
1 10,08673 

10,08647 

io,o86a.i 
1 10,08596 

10,08570 

10,08544 

10,08518 

10,08492 

10,08467 

10,08441 

10,08415 


46 
45 
44 
43 
42 

4* 

40 

19 
38 

37 
36 
3-5 
34 
33 
3* 
3* 


10,08389 
10,08364 
10,08338 
10,08312 
10,08287 
i  10,08*61 
10,08235 
10,08209 
■■  10,08 1 84 
1 10,08*1 58 

10,08132 
10,08107 
10,08:81 
10,08055 
10,08029 
10,08004 
10,07978 
10,07952 
10,07927 
10,07901 

10,07875 
10,07850 
10,07824 
10,07798 
10,07773. 
10,0:747 
10,07721- 
10,07696 

IO,p7&7C 

1-0,07644 
10,07619 

.  Tangent 


3*> 
*9 
28 

*7 

26 

25 

^% 

21 

20 
19 

iS 

17 

*S 

14, 

IX 

II 


M 


50   Degrees 


6oo 


Table  of  Sines  and  Tangents,     1152. 

41  Degrees 


40  Degrees 

M 

Sine 
9,80807 

Co -fine 
9,88425 

Tangent 
9,92381 

Co-tang. 

0 

10,07619 

60 

1 

9,80822 

9,88415 

9,92407 

10,07593 

59 

3 

9,80837 

9,88404 

9>92433 

10,07567 

5* 

3 

9,80852 

9,88394 

9,92458 

10,07542 

57 

4 

9,80867 

9,88383 

9,92484 

10,07516 

56 

5 

9,80882 

9,88372 

9,92510 

10,07490 

55 

6 

9,80897 

9,88362 

9,9*535 

10,07465 

54 

7 

9,80912 

9,88351 

9,91561 

10,07439 

53 

2 

9,80927 

9,88340 

9'9Z586 

10,07413 

5* 

JJ 

9,80942 

9,88330 

9,92612 

10,0738** 

5| 

10 

9,80957 

9,88319 

9,92638 

10,07362 

5° 

11 

9,80972 

9,88308 

9,92663 

10,07337 

49 

ta 

9,80987 

9,88298 

9,92689 

10,07311 

48 

*3 

9,81002 

9,88287 

9,9*715 

10,07385 

47 

'4 

9,81017 

9,88276 

9,92740 

10,07260 

46 

»5 

9,81032 

9,88266 

9,92766 

10,07234 

45 

»6 

9,81046 

9,88255 

9,92791 

10,07208 

44 

*7 

9,81061 

9,88244 

9,92817 

10,07183 

43 

*8 

9,81076 

9,88234 

9,92843 

10,07157 

42 

11 

9,81091 

9,88223 

9,92868 

10,07132 

if 

30 

9,8 1 106 

9,88212 

9^93894 

10,07106 

40 

ai 

9,81121 

9,88201 

9,92920 

10,07080 

39 

32 

9,81136 

9,88191 

9,9*945 

10,07055 

38 

*3 

9,81151 

9,88i«o 

9,92971 

10,07029 

37 

»4 

9,81165 

9,88169 

9,92996 

10,07004 

36 

*5 

9,8x180 

9,88158 

9,93022 

10,06978 

35 

s6 

9,81195 

9,88148 

9,93°47 

10,06952 

34 

*7 

9,81210 

9,8813? 

9,93°73 

10,06927 

33 

33 

9,81225 

9,88126 

9»93°99 

10,06901 

31 

ii 

9,81240 

9,88115 

9j93JH 

10,06876 

11 

30 

9,8 1 2  54 

9,8Tlo5 

9,93150 

10,06850 

30 

3' 

9,81269 

9,88094 

9,93J75 

10,06824 

29 

3* 

9,81284 

9,88083 

9,93201 

io,-  6799 

28 

S3 

9,81299 

9,88072 

9,93227 

10,06773 

37 

34 

9»8'3»3 

9,88061 

9,93252 

10,06748 

26 

35 

9,81328 

9,88050 

9,93278 

10,06722 

*5 

36 

9,81343 

9,88040 

9,93303 

10,06697 

*4 

37 

9,8i3  58 

9,88029 

9,93329 

10,06671 

*3 

3S 

9,8137* 

9,88018 

9,93354 

10,06645 

22 

39 

9,81387 

9,88007 

9>9338o 

10,0662c 

21 

4o 

9,81402 

9,87996 

9«934c6 

10,06594 

2.. 

4i 

9,81417 

9,87985 

9,9343" 

10/6569 

11 

4» 

9,81431 

9,87975 

9,93457 

10,0654", 

18 

43 

9,81446 

9,87964 

9,93482 

10,06518 

17 

4* 

9,81461 

9»87953 

9,93508 

10,06492 

16 

45 

9,81475 

9,87942 

9,93533 

10,06467 

15 

46 

9,81490 

9,87931 

9,93559 

10,06441 

'4 

47 

9,81505 

9,87920 

9,93584 

10,06416 

13 

4« 

9,81519 

9,87909 

9,93610 

10,06390 

12 

12 

9,8*^34 

9,87^98 

9,93635 

10,06364 

11 

5° 

9,81548 

9**7887 

9»9366i 

10,06339 

10 

5' 

9,81563 

9,87877 

9,93687 

10,06413 

9 

52 

9,81578 

9,87866 

9,93712 

10,06288 

8 

53 

9>s,59* 

9,87855 

9,93738 

10,06262 

7 

54 

9,81607 

9,87844 

9,93763 

10,06237 

6 

55 

9,81621 

9,87833 

9»93789 

10,06211 

5 

56 

9,81636 

9,87823 

9,93814 

10,06186 

:  4 

57 

9.81651 

9,87811 

9,93840 

10,'- 6 160 

3 

58 

9,81665 

9,878c© 

9,93865 

io,c6i$5 

2 

59 

9,81680 

9,87789 

9,93891 

16,06109 

i 

60 

9,81694 
Co-fine 

9»87778 
Sine 

9/939 '6 
Co-tan. 

10,06084  |  6 

M 

Tangent  iM 

49  E 

egrecs 

9,82012 
9,82026 
9,82041 

9,8*°55 
9,82069 

9,82084 
9,82098 

9,821 12 


9,82126 
9,82140 
9,82155 
9,82169 
9,82183 
9,82198 
9,82212 
9,82226 
9,82240 
9,82255 


9,82269 
9,82283 
9,82297 
9,823!  i 
9,82325 
9,82340 

9,82353 
9,82368 

9,82382 
9,82396 


Co- fine 


9,87778 
9,87767 
9,87756 
9>87745 
9,87734 
9,87723 
9,87712 
9,87701 
9,87690 
9,87679 


Tangent 


9,87668 

9,87657 
9,87646 
9,87635 
9,87624 
9,87612 
9,8  7  60  r 
9,87590 
9,87579 
9,87568 


9>8755_ 
9,87/46 

9,87535 
9,87S24 
9,87513 
9,87501 

9,8749° 
9,87479 
9,87468 

9,87457 


9,87446 

9,87434 
9,87423 
9,87412 
9,87461 
9,87390 
9,87378 
9,87367 
9.873S6 
9,87345 


9,87333 
9,87322 
9,87311 
9,87300 
9,87288 
9,87277 
9^87266 
9,87255 

9,87243 
9,87232 


9,82410  9,87221  9,95190 

9,82424    9,87209  9,95215 

52^9,82439  9,87198  9,95240 

9,82453  9,87187  9,95266 

9,82467  9,87175  9,95291 

9,82481  9,87164  9,953'7 

9,82495  9,87153  9,9534> 

,.    9»825°9  9,87'4«  9»95367 

58(9,82523  9,87136  9,95393 

9,82537  9,87119  9,95418 

9y8j_55_i  9,8^107  9,9'5444 

Co-fine  J     Sine      I  Co-tan. 


9,93916 

9,93942 

9,93967 
9,93993 
9,94018 

9,94044 
9,94669 

9,94695 
9,94130 

9>94'46 

9,94i7J 
9,94-197 
9,94222 
9,94248 

9,94273 
9,94299 
9,94324 
9,943  <o 

9,94375 
9,94401 


9,94416 
9,9445* 
9,94477 
9»94i>°3 
9,94528 

9,94553 
9,94579 
9,94604 
9,94630 

9,94655 


9,94681 
9,94706 
9,94732 
9,94757 
9*94783 
9,94808 

9,94833 
9,94859 
9,94884 
9,949  io 


9,949*5 
9,949  6  i 
9,94986 
9,95012 

9,95°37 
9,9So62 
9,95088 

9,95"3 
9,95139 
9,95164 


Co-tang. 


1 0,06084 
10,06058 
10,06033 
10,06007 
10,05982 
10,05956 
10,05931 
10,05905 
10,05880 
10,05854 

10,05829 
10,05803 
10,05778 
10,05752 
10,05727 
10,05701 
10,05676 
10,05650 
10,05625 
10,05593 


il  »°5574 
10,05548 
10,05523 
10,05497 
10,05472 
10,05446 
10,05421 
10*05395 
10,05370 
10,05345 


60 
59 
58 
57 
56 
5S 
54 
53 
S« 
Si 

o 

49 
48 
47 

46 
4-3 
44 
43 
42 
4J( 
40 
3? 
38 

3l 
36 

35 

34 

33 

3* 
31 


10,05319 
10,05294 
10,05268 
10,05243 
10,05217 
10,05192 
16,05166 
10,05141 
10,05116 
10,05090 


10,05065 
16,05039 
10,05014 

iO,« -49  8  8 
10,64963 
10,04937 
10,04912 
10,64887 
10,04861 
10,04836 


4S  Degrees 


10,04810 
10,04785 
10,04759 
10/34734 
10,04709 
i  ,04683 
10,04658 
10,04632 
10,04607 
10/4582 
ic,.°4S56 
I  Tangent 

mm  »i  il  ■  1  n* 


**" 


Table  of  Sines  and  Tangents*     11*52. 

601 

42  Degrees 

43    Degrees 

M 

Sine 
9,82551 

Co-fine 
9,87107 

Tangent 
9>9-444 

Co-tang. 
10,04556 

60 

M 
c 

Sine 
9.83378 

Co-fine 
9,^6413- 

Tangent 
9,96966 

Co-tang,  j 

O 

I0,03C  34  ;t>Q 

I 

9,82  ,65 

9,87096 

9,95469 

L.,-4531 

59 

1 

9,83392 

9,86401 

9,9699! 

I     ,.  3009*59 

2 

9,82579. 

9,87085 

9.95494 

10,04505 

58 

2 

9,85405 

9*86389 

9,97016 

10,02984 

5S 

3 

9>8:593 

9.37073 

9,95520 

10,04480 

57 

3 

9,83419 

9.86577 

9,97041 

10,02958 

57 

4 

9,82607 

9,87-62 

9.95545 

10,04455 

j  6 

4 

9,85432 

9,86366 

9,97067 

10,02933 

56 

1 

9,8:621 

9,87050 

9.95571 

10,04429 

55 

5 

9,83446 

9,86554 

9,97-92 

10,02908. 

si 

9,82635 

9,81039 

9.9559s 

10,04404 

:;4 

6 

9.83459 

9,86342 

9,97117 

10,02882 

54 

7 

9,82649 

9,87028 

9,95621 

10,04378 

53 

7 

9.83473 

9,86  3,0 

9.97H3 

10,028-7 

S3 

8 

9,82663 

9,87016 

9.95647 

10,04353 

5* 

8 

9,83486 

9,'|6ji8 

9,9-168 

10,02832 

5» 

_9 

9jteA77 

9>g7005 

9.9  5.6?a 

10,04328 

S± 

_9 

9.8350 

9_^.6J£6. 

9,9  * 93 

10,02806 

51 

10 

9,82691 

9,86993 

9,95698 

10,04302 

5° 

10 

9.835*3 

9,86295 

9,97219 

1.0,^2781 

;0 

ii 

9,82705 

9,86982 

9.95723 

10,7.4277 

49 

1 

9.83527 

9,86283- 

9597244 

10,02756 

4* 

12 

9,82719 

9,86970 

9.95748 

1 0,0425 1 

48 

12 

9^3540 

9,86271 

9,97269 

10,02730 

13 

9,82733 

9,86959 

9.95774 

10,04226 

47 

'3 

9.83554 

9,86259 

9.9.7295 

10,02705 

47 

^4 

9,82747 

9,86947 

9.95799 

I(-,04201 

+6 

j4 

9,8,3567 

9,-86247. 

9.973?o 

10^02680 

0 

JS 

9,82761 

9,86936 

9,95825 

10,04175 

45 

'5 

9,83581 

9,8623, 

9.97345 

10,02655 

45 

i6 

9,82774 

9,86924 

9,95850 

10,04153 

44 

16 

9.83594 

9,86223 

9.97371 

10,02629 

44 

J7 

9,8278s 

9,86913 

9.95875 

10,04125 

43 

I7 

9,83607 

9,86211 

0,97396 

10,02604 

43 

iS 

9,82802 

9,86901 

9,95901 

10,04099 

42 

18 

9,83621 

9,86200 

9,97421 

16,02579 

42- 

11 

9,82816 
9,82830 

9,86890 
9T86878 

9»95926 
9.95951 

10,04074 
10,04048 

4? 

12 

20 

9,83634 
9,83648 

9,86188. 
9,86176 

9.97447 
9.97472 

1 0,025*;  3 

4* 

20 

10,0252.8 

40 

21 

9,82844 

9,86867 

9.95977 

10,04023 

39 

21 

9,83661 

9,86164 

9.97497 

IO,  3 2^03 

39 

22 

9,82858 

9,86855 

9,96002 

10,03998 

38 

22 

9.83674 

9,86152 

9,97523 

10,02477 

38 

23 

9,82872 

9,86844 

9,96028 

10,03972 

37 

23 

9,83688 

9186140. 

9,97548 

10,02452 

37 

14 

9,82885 

9,86832 

9.95o53 

10,03947 

36 

24 

9,83701 

9,8612s 

-9.975-73 

10,02427 

3»' 

25 

9,82899 

9,86821 

9,96078 

10,03922 

35 

25 

9.83715 

9,86116 

9,97598 

10,02401 

35 

e6 

9,82913 

9,86809 

9,96104 

10,03896 

34 

26 

9.83733 
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Marine  Fortification. 


j.  T)Y  Marine  Fortification,  is  meant  the  art  of  raifing works 
J3  fit  for  the  defence  of  a  harbour  againft  the  attacks  of  any  kind 
of  fhipping. 

As  the  works  proper  for  this  purpofe  depend  in  a  great  meafure  on 
the  principles  employed  in  the  fortification  of  towns ;  therefore  it  will 
be  neceflary  to  give  fome  general  notions  of  the  ufual  methods  of  for- 
tifying, previous  to  the  meafures  that  feem  moil  effectual  to  the  fecur- 
ing  of  harbours. 

It  is  not  intended  in  this  trail:  to  give  a  compleat  fyftem  of  Fortifica* 
tion  j  and  confequently  the  reader  will  not  be  perplexed  with  the  diffe- 
rent fyftems,  as  they  are  called,  of  fuch  and  fuch  Engineers',  many  of 
them  being  only  fuch  perfons,  as  having  diverted  themfelves  with  co- 
nundrums and  whimfical  fcratchings  on  paper,  publifh'd  their  conceits 
for  a  like  amufement  to  others  ;  and  gravely  compared  their  pretty  draw- 
ings with  the  approved  works  of  experienced  Engineers :  It  is  high  time 
that  moft  of  their  names  and  notions  were  forgot,  and  that  thofe  who 
hereafter  may  write  on  this  fubjecT:,  mould  confine  themfelves  to  the  de- 
fcription  of  rueh  works  only,  as  are  moft  in  ufe,  and  which  by  experi- 
ence have  been  found  to  be  moft  conducive  to  the  expected  defence  of 
the  place,  and  retardation  of  the  approaches  of  the  enemy.  And  this 
is  what  is  briefly  attempted  in  the  following  pages. 
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£o4      MARINE   FORTIFICATION, 
PARTI. 

Of  Land  Fortifications. 

2.  Fortification  is  the  art  of  making  certain  works  about  a 
place,  whereby  the  perfons  within  may  btr  able  to  defend  themfelves  a- 
gainft  the  attacks  of  a  much  greater  number  from  without,  more  effectu- 
ally and  longer  than  if  the  place  was  not  furniihed  with  fuch  works. 

,3.  Defeiifiye  works  ufyally  confift  of  moats  and  banks  covering  the 
place  which  they  defend. 

4.  A  place  is  faid  to  be  covered,  either  when  the  enemy  is  prevented 
from  coming  to  that  place  by  a  body  of  troops  or  other  hindrance  :  Or, 
when  a  fufficiently  ftrong  bank  raited  before  that  place  prevents  thofe 
without,  from  feeing  them  within.        h 

5.  Defenfive  works  are  of  various  kinds,  the  moft  fimple  are  ufually 
palled  lines.  - 

■  ■•    . 

SECTION     I. 

Of  Lines  or  -  Intrenchments. 

■     ,r  .^  . 

f;6.  A  Like,  or  an  Intrenchment,  confifts  of  a  bank  of  earth  and 
a  ditch,  and  are  of  two  forts. 

Firft,  Such  as  the  trenches  carried  on  in  a  fiege,  where  the  bank  is 
between  the  ditch  and  the  enemy  or  town ;  and  here  the  earth  is  thrown 
«p  againft  the  town,  becaufe  the  workmen  are  better  covered  in  carry-^ 
ing  on  the  trenches. 

Secondly,  Such  as  ferve  to  inclofe  a  town  or  camp,  fecure  a  pafs,  co- 
ver the  entrance  jnto  a  country  or  other  place,  &c.  ;  in  thefe,  the  ditch 
is  between  the  bank  and  the  enemy. 

The  firft  fort  are  ufually  called  trenches  or  approaches ;  and  the  fe-: 
cend  are  generally  called  lines;  which  are  the  fort  that  will  be  here  more 
particularly  treated  on. 

7..-  Lines  are  generally  made  to  fhut  up  an  avenue  or  entrance  to  fome 
place;  the  fides  of  that  entrance  being  rivers,  woods,  mountains,  mo- 
rafles,  or  other  obitrudtions  not  eafy  to  be  palled  by  an  army  :  Though 
there  have  been  cafes  where  lines  were  conftrucled  in  plain  countries; 
but  then  they  were  carried  quite  round  the  place  they  were  to  defend,  as 
the  lines  furrounding  a  camp,  called  lines  of  circumvallation.  Lines  are 
Jikewife  thrown  up  to  ftop  the  progrefs  of  an  army,  as  thofe  made  by 
Marfhal  Villars  and  others.  However  in  what  follows,  it  will  be  fup- 
pofed  that  the  line  is  to  cover  a  pafe  that  can  only  be  attacked  in  front. 

8.  The  making  of  lines  greatly  depends  on  the  nature  of  the  place, 
and  the  time  thar  can  be  taken  to  conftrudt  them*  thofe  done  at  leifure 
being  very  different  from  thofe  dope  in  haft, 
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The  works  ufually  thrown  up  in  haft  are  called  temporary ;  they  ferv- 
ing  chiefly  on  a  prefent  emergency  :  Thofe  made  at  leifure  are  generally 
intended  to  laft  many  years,  and  are  kept  in  repair  under  a  probability 
of  their  being  frequently  attacked.  But  whether  the  work  be  temporary 
or  lafting,  it  is  neceflary  that  it  be  adapted  to  the  materials  at  hand,  or 
that  can  be  procured  with  the  leaft  expence  and  trouble. 

A  road  or  pafs  may  be  advantageoufly  held  by  a  few  men  againft  a 
much  greater  number,  many  ways  ;  as  by  turning  a  water-courfe,  plant- 
ing of  flakes,  felling  of  trees,  digging  of  ditches,  making  a  fence  of 
$ones,  iffc.  But  the  way  now  moft  ufually  pra&ifed  is,  by  making  a  lin© 
after  ibme  fuch  like  method  as  contained  in  the  following  precepts. 

G.  To  throw  up  a  Line  acrofs  a  paf, 

1  ft.  Having  chofe  the  place  judged  moft  convenient  for  the  line,  let 
a  rope,  or  haybands,  or  twifted  ftraw  or  grafs,  be  run  quite  acrofs  the 
way  along  the  ihtended  place  of  the'  line,  pegging  it  to  the  ground  at 
every  4  or  5  yards ;  and  at  the  diftance  of  about  10  or  12  feet  before  the 
line,  towards  the  enemy,  let  fuch  another  line,  or  a  row  of  ftakes,  be 
carried  in  a  parallel  pofition  to  the  firft  rope. 

2d.  Range  the  labourers  or  troops  within  thofe  limits,  either  fingle,  in 
pairs,  or  treble,  &c.  according  to  the  number  there  are  to  employ,  or 
the  time  in  which  the  work  is  to  be  done,  each  being  furnifhed  with  pro- 
per digging  tools. 

3d.  Let  the  earth,  as  they  dig.  it  up  in  this  breadth,  be  thrown  on 
the  other  fide  of  the  firft  rope,  until  a  bank  of  about  5  or  6  feet  thick 
and  6  or  7  feet  high  be  raifed ;  obferving  that  the  fides  of  the  ditch  be 
floped  in  about  the  fame  manner  as  the  earth  naturally  takes  in  rolling 
down  the  bank  ;  and  continue  the  digging  till  the  ditch  is  about  5  or  6 
feet  deep,  the  Breadth  of  the  bottom  being  about  f  of  the  breadth  flaked 
out  at  top  :  And  while  the  ditch  is  digging,  if  the  earth  as  it  is  thrown 
up  be  trod  down,  the  bank  will  be  more  compact ;  or  a  few  hand-ram- 
mers (fuch  as  the  paviors  ufe)  kept  conftantly  going,  will  render  the 
work  more  firm  or  durable. 

4th.  Let  the  inner  fide  of  the  bank  be  pared  with  the  fpade  into  fuch 
a  flope,  as  a  man  ftanding  upright  may  eafily  touch  with  his  arm  extend- 
ed ftrait  before  him  ;  'and  at  the  foot  of  this  bank,  let  a  foot-bank  or  ftep 
be  raifed,  of  fuch  a  height  as  a  man  ftanding  on  it  may  eafily  fire  his 
mufket  over  the  bank  ;  that  is,  let  the  top  of  the  foot-bank  be  about  four 
feet  and  a  half  lower  than  the  top  of  the  bank  or  breaji-work. 

5th.  If  there  is  time  and  opportunity,  let  the  workmen  throw  up  the 
loofe  and  fcattered  earth  upon  the  bank,  on  both  fides,  and  flap  or  beat 
it  with  the  flats  of  their  fhovels  to  make  it  the  more  neat  and  compact : 
Alfo  make  a  gentle  flope  to  the  top  of  the  foot-,bank^  that  the  troops  may 
afeend  it  the  more  eafily  ;.  and  let  the  crown  or  top  of  the  br?aJi-work  be 
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iloped  fo,  that  a  mufket  laid  flat  on  it  may  ftrike  the  ground  with  its  mot 
about  5  or  6  feet  beyond  the  ditch. 

When  the  foil  is  clay,  fand,  turf  or  mould,  the  workmen  will  need 
only  fpades  and  ftiovels  :  When  gravelly  or  ftony,  then  one  man  fhould 
break  the  ground  with  a  pick-axe  or  mattock,  while  another  throws  it 
upon  the  bank,  where  a  third  fhould  fpread  it  level  and  tread  it  down. 

io.  A  work  of  this  kind  being  compleated,  the  troops  behind  the  line 
may  wait  the  coming  of  the  enemy  with  lefs  concern  than  without  it : 
For  i  ft,  the  bank  or  breaft-work  fecures  them  from  the  enemy's  fire; 
2d.  And  when  they  ftand  on  the  foot-bank  they  are  more  than  .§  co- 
vered, while  the  enemy  are  wholly  expofed  ;  and  confequently  the  troops 
within  may  make  three  of  their  (hots  tell  for  one  of  the  enemy's.  3d. 
They  can,  by  going  off  the  foot-bank,  be  quite  covered  while  they  load 
again.  And  on  the  whole,  they  are  in  no  great  danger  of  being  forced 
from  the  lines  while  they  have  courage  enough  to  keep  pofleffion  of  them, 
except  the  enemy  are  greatly  fuperior  in  numbers  and  cannon. 

The  magnitude  of  lines  are  generally  proportioned  to  the  little  time 
that  can  be  fpared  to  throw  them  up,  and  to  the  ftrength  of  the  enemy 
who  are  to  attack  them.  The  following  forts  are  what  have  been  prac- 
tifed  on  feveral  emergencies,  and  the  rate  at  which  men  ordinarily  work 
on  fuch  occafions. 


!I. 


A  Table  of  the  dimenjions  of  lines. 
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The  days  works  here,  is  for  one  yard  in  length. 

In  the  firft,  100  men  will  compleat  100  yards  in  length  of  this  kind 
of  lines  in  one  day  j  aoo  men  in  half  a  day  ;  400  men  in  a  quarter  of 
a  day  •>  and  fo  on. 

12.  When  lines  are  thrown  up  at  leifure,  then  the  ditch  is  ufually  18 
feet  broad  at  top,  7  or  8  feet  deep,  and  the  fides  of  the  ditch  are  fo  Hoped 
as  to  leave  only  6  feet  breadth  at  bottom  ;  the  breaft-work,  or  parapet,  ii 
about  7  feet  thick  on  the  top  or  crown,  and  7  or  8  feet  high. 

In  Plate  XII.  fig.  1.  fhews  the  heights,  depths  and  breadths  of  the  fe- 
veral parts  of  a  line  well  defigned  and  finifhed. 

Where 
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Where  il  reprefents  the  ground  line,  or  furface  of  the  place. 
ab,  the  breadth  of  the  ditch  at  the  top. 
cd,  the  breadth  of  the  ditch  at  bottom. 
Fac,  is  the  flope  or  fcarpe  of  the  parapet  and  ditch. 
dbk,  is  the  counterfcarpe. 

ep,  the  top  or  crown  of  the  parapet  or  breaft-work, 
eg,  the  inner  flope  of  the  parapet. 
hg,  the  top  of  the  foot-bank. 
hi,  the  flope  of  the  foot-bank. 
bkl,  a  fmall  floping  bank,  called  the  glacis. 

13.  This  figure  is  called  afieclion  or  profile,  and  may  be  thus  drawn, 

ift.  In  the  ground  line,  lay  off  from  any  fcale  of  equal  parts,  the  di- 
ftancesi«  =  6feet,  «  £  =  4feet,  bczzzi^fr.  cdz^.'j ft. d a =44 ft. 
a/=  6  feet,  fig  =  6  feet,  g  b  =  6  ft.  bl  =  5  ft. 

2d.  Thro*  a,  b>  c,  d,  e,f,  g,  b,  draw  lines  perpendicular  to  il. 

$d.  Make  *  H=;2i  feet  =  £g,  £E=zjk.  dFz=.6ft.  /c  =  &ft.=^r>. 

4th.  Draw  ih,  hg,  G£,  ef,  fac,  cd,  db,  which  continue  till  it 
meets  the  line  fl,  and  the  profile  is  conftru&ed. 

14.  When  lines  are  made  to  cover  a  camp  or  a  large  tract  of  land 
where  a  confiderable  body  of  troops  are  polled,  the  work  is  not  made  in 
one  ftrait,  or  uniformly  bending  line :  But  at  certain  diftances  thejines 
project  in  faliant  angles  towards  the  enemy.  Thefe  projections,  or  fa- 
liant angles  are  called  Redents  or  Flankers  ;  beeaufe  the  fire  frorrt 
them  take  the  enemy  in  flank  or  fideways  as  they  march  to  attack  the 
lines. 

The  diftance  between  the  .faliant  angles  of  the  flankers  is  ufually  be- 
tween the  limits  of  200  and  260  yardsy  the  ordinary  flight  of  a  mufket 
ball,  point  blank,  being  generally  within  thofe  limits ;  altho'  muikets  a 
very  little  elevated  will  do  effectual  fervice  at  the  diftance  of  360  yards. 

15.  A  flanker  confifts  of  two  lines  called  faces,  meeting  in  a  point, 
and  forming  an  angle  called  the  faliant  angle,  ox  flanked  angle. 

That  part  of  the  line  between  two  adjacent  flankers  is  called  die 
turtin. 

The  gorge  of  a  flanker  is  the  diftance  between  its  faces  taken  at-  their 
interferon  with  the  curtin. 

16.  In  Plate XII.  fig.  2  (hews  the  form  of  the  ufual  lines;  where  the 
figures  cab,  cab,  are  redents  or  flankers. 

ac,  ab,  ac,  ab,  the  faces. 
cb,  c  b,         the  gorges, 
ad,  ad,         the  capitals. 
Bb  the^curtin. 

The  angle  cab,  cab,       the  faliant  or  flanked  angle* 
The  diftance  of  the  faliant  angles  is  about  240  yards  on  a  meam 
The  length  of  the  capital  is  ufually  between  40  and  50  yards. 
The  length  of  the  gorges  is  alfo  about  60  or  70  yards, 

if-,  if 
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17.         To  make  a  Plan  of  lines  with  redents.     Plate  XII.  Fig.  3. 

ift.  Let  the  line  eeee,  &c.  be  fo  drawn,  if  poflible,  that  wherever 
there  is  a  bend  or  angle,  it  may  either  be  at  once,  or  twice,  or  thrice, 
&c.  the  length  of  about  240  yards  one  from  another,  whereby  a  redent 
will  always  be  where  there  is  an  angle. 

2d.  In  this  line  lay  off  diftances  of  240  yards  each,  as  from  e  to  e, 
E  to  e,  &c*  reckoning  from  the  bends  towards  each  end, whether  it  hap- 
pens that  the  line  will*  or  will  not  be  exactly  meafured  by  a  repetition  of 
the  240  yards. 

3d.  At  each  point  e  draw  the  capita!  ef  in  a  perpendicular  pofition  - 
to  the  direction  of  the  line  in  that  point,  arid  make  the  capitals  about  40 
or  50  yards  long. 

'  4th.  On  each  fide  of  e  take  the  half  gorge  eg,  EG,  eiach  of  about 
3°  or  35  yards,  and  draw  the  faces  fg,  fg  ;  arid  the  out-line,  of  ?najler- 
line  of  the  curtins  and  redents  are  formed. 

5th.  Parallel  to  each  curtin  and  face  draw  lines  within,  at  the  diftances 
From  the  majler-llne  of  7  feet,  &  feet,   1 2  feet,  and  1 8  feet. 
Then  the  breadth  of  7  feet  reprefents  the  plan  of  the  parapet. 
of  1  foot  its  inner  flope. 

of  4  feet  the  top  of  the  foot-bank. 

of  6  feet  the  foot-bank  flope. 

6th.  On  the  otitfide  of  the  majler-line>  draw  lines  at  the  diflances  of 
io-f,  i6|>  and  227  feet,  parallel  to  each  curtin  and  face;  and  thefe 
Will  reprefent  the  plans  of  the  fcarpe,  ditch,  and  counterfcarpe ;  obferv- 
ing  that  the  faliant  angles  of  the  counterfcarpe  arc  rounded  before  the 
angles  of  the  redents. 

When  plans  ate  drawn  from  a  large  fcale,  all  the  lines  beforementiori- 
cd  are  drawn  :  But  when  the  plan  is  drawn  from  a  fmali  fcale,-  aS  of  20 
yards  or  more  to  an  inch,  then  the. plan. is  ufually  reprefcnted  by  four 
parallel  lines ;  one  without  the  mafrer-line,  reprefenting  the  coumer- 
fcarpe  or  out-line  of  the  ditch  ;  and  two  within,  reprefenting'  the  breadths 
of  the  parapet  and  foot-bank. 

Sometimes  a  fhort  line  is  haftily  formed  by  iCheveaux  d-e  frisK; 
which  is  a  beam  of  6  or  8  inches  fquare  and  10  or  12  feet  iongj  thfl 
fides  being  bored  thro'  with  holes  about  an  inch  and  half  diameter,  and 
6  inches  diftant  from  One  another  5  thro'  each  hole  goes  a  ftaffof  about 
5  or  6  feet  long,  armed  at  both  ends  with  an  iron  ipike,  fo  that  WiUcB 
ever  way  it  is  laid  along,  one  row  of  pikes  is  p'refented  againft  the  ene-» 
my :  A  line  is  formed  of  thefe  pieces  by  ehainirig  togetfher  a  fuffieieni 
number  of  them  end  to  end* 
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SECTION     II. 

18.  Of  Batteries. 

When  lines  are  to  be  vigoroufly  defended  againft  a  potent  enemy,  k 
h  proper  to  raife  batteries,  that  is,  works  from  whence  cannon  may  play 
on  the  troops  as  they  advance  to  the  attack:  Thefet batteries  are  either 
open  or  covered. 

19.  An  Open  battery  is  nothing  more  than  a  number  of  cannon, 
generally  field  pieces  (that  is,  fuch  as  carry  a  ball  not  exceeding  9  pounds 
weight)  ranged  in  a  line  or  row  abreaft  of  one  another,  on  fome  natural 
fmall  elevation  of  the  ground  ;  or  on  an  artificial  bank  of  about  a  yard 
or  two  high  :  Thefe  cannon  are  ranged  at  about  15  or  16  feet  diftant  from 
one  another,  having  their  fliot  and  loading  utenfils  lying  by  their  fide, 
and  the  powder  lodged  in  a  hole  at  fome  diftance  behind  the  battery.  A 
lefs  diftance  than  about  15  feet  from  gun  to  gun,  might  occafion  danger, 
conftdering  the  hot  fervice  for  which  fuch  batteries  are  erected. 

20.  A  Cover'd  battery  is  when  the  cannon  and  gunners  are  co- 
vered by  a  bank  made  of  brufhwood,  faggots  and  earth  ;  of  about  1 8  or 
or  20  feet  thick,  and  7  or  8  feet  high.  The  cannon  ufed  in  fuch  batte- 
jies  are  generally  from  9  to  18  pounders  \  and  fometimes  24  pounders  are 
ufed  in  them. 

2r.  The  faggots,  or,  as  they  are  mofr.  ufually  called,  theFASciNES, 
are  made  of  the  middling  fized  loppings  of  trees,  under  an  inch  dia- 
meter, and  are  of  three  different  lengths,  6,  9  and  12  feet,  according  to 
the  work  they  are  intended  for :  They  are  ufually  bound  or  tied  round 
with  wyths ;  the  fhorteft  in  two  places,  the  next  in  three,  and  the  longeft 
have  four  bands.  Thefe  fafc'tnes  are  commonly  8  or  9  inches  thick 
throughout,  the  ends  being  cut  fo  as  not  to  be  tapering. 

The  fafcines  are  fixed  to  the  ground,  and  to  one  another  by  flakes 
called  Pickets,  like  birch  broom-fticks,  but  ftronger  ;  they  are  about 
an  inch,  or  inch  and  half  thick,  and  from  3  to  6  feet  long :  The  6  feet 
ones  are  in  number  about  f  of  the  3  feet  pickets,  but  much  flronger. 

All  field  batteries  confift  of  four .  chief  parts,  namely,  the  ditch,  the 
parapet,  the  platform,  and  the  magazine. 

22.  »         Of  the  Ditch. 

The  ditch  is  ufually  dug  in  the  front  and  fides,  and  fometimes  quite 
found  ;  and  ferves  not  only  to  furnifh  the  earth  necelTary  for  the  para- 
pet, but  it  alfo  prevents  the  enemy  from  entering  the  battery  fo  readily 
as  he  might  otherwife  do.  The  ditch  in  front  is  commonly,  18  or  20 
feet  broad,  and  the  depth  about  7  or  8  feet ;  the  fides  (loping  towards  the 
bottom,  which  is  about  6  feet  wide:  But  the  ditches  on  the  fides  are 
about  10  feet  wide,  and  6  feet  deep.  Thefe  are  the  dimenfions  ufually 
given;  but  the  general  practice  feems  to  be,  'only  to  get  earth  fuiiicient 
for  the  work,  and  not  mind  the  regularity  of  the  ditch :  For  as  thefe 
works  in  attacks  are  ufually  done  by  night,  the  keeping  ftriclly  to  the 
affigned  dimenfions  is  hardly  practicable. 

I  i  i  i  ^3.  Of 
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23?  Of  the  Parapet. 

The  parapet  is  generally  raifed  about  3  or  4  feet  diftant  from  tha 
brink  of  the  ditch,  the  fpace  left  between,  called  the  Berm  or  Fore- 
hand, ferving  to  lodge  the  rubbifti  beat  down  by  the  enemy's  (hot,  that 
it  may  not  fall  into  the  ditch. 

The  thicknefs  of  the  parapet  fhould  be  about  18  or  20  feet,  in  order 
to  be  cannon  proof,  and  about  7  or  8  feet  high  when  the  enemy  has  no 
command  above  the  battery :  But  if  they  have  a  command  over  this, 
height,  the  parapet  fhould  be  raifed  high  enough  to  cover  the  men  while 
they  load  the  guns. 

The  length  of  the  parapet  depends  on  the  number  of  guns  to  be  em? 
ployed  in  the  battery. 

24.  Thus  for  one  gun,  allow  8  yards  in  length. 
And  6  yards  more  for  every  other  gun. 

So  2  guns  has  14  yards;  3  guns  20  ya/ds  ;  4  guns  26  yards,  i$c. 

25.  There  fhould  be  great  care  taken  that  the  battery  be  not  enfiladed 
or  raked  by  the  enemy's  cannon :  Neglects  of  this  kind  are  often  fatal 
to  the  officers  and  gunners,  as  was  well  known  at  the  fiege  of  Cartha- 
gena,  anno  1741.  But  this  is  eafily  prevented  by  raifmg  at  one,  op- 
both  ends  of  the  parapet,  a  bank  acrofs  the  battery  called  an  epaulmenty 
of  the  fame  thicknefs  and  height  with  the  parapet,  and  about  15  or  18 
feet  long. 

26.  The  parapet  confifts  of  two  parts,  namely,  the  %vall  and  the  mer- 
lons. 

The  Wall  is  that  part  of  the  parapet  which  is  contained  in  one 
piece  from  end  to  end,  and  is  about  i~  or  3  feet  high. 

The  Merlons  are  detached  pieces  of  the  parapet,  leaving  opening* 
called  Embrasures,  thro' which  the  cannon  deliver  their  fhot. 

The  embrafures  fhould  as  much  as  is  poffible  be  cut  perpendicular  to 
the  parapet;  therefore  the  battery  fhould  be  parallel,  or  nearly  fo,  to 
the  object  to  be  battered  :  For  the  direcl:  fhots  have  moft  force;  and  ob- 
lique embrafures  weaken  the  merlons,  or  parts  of  the  parapet  ftanding 
between  the  embrafures. 

27.  The  embrafures  are  ufually  about  2  or  2-f  feet  wide  on  the  in- 
fide,  and,  about  9  or  10  feet  on  the  outfide ;  whereby  the  cannon  may 
be  traverfed  from  the  right  to  the  left,  fo  as  to  command  a  pretty  large 
extent  in  front.  The  diftance  from  the  middle  of  one  embrafure  to  the 
middle  of  the  next  fhould  be  about  18  feet,  in  order  to  leave  fufficient 
room  for  the  working  of  the  guns,  and  the  ftowage  of  the  (hot  and  other, 
neceflaries,. 

?8.  Of  the  Platform. 

The  Platform  is  a  floor  made  to  facilitate  the  rolling  of  the  carriag* 
wheels,  and  to  prevent  them  from  finking  into  the  ground  by  the  weight 
of  the  cannon,  efpecially  in  wet  weather. 

Platforms  are  generally  laid  Hoping  towards  the  parapet  9  or  10  inches 5 
this  carries  off  the  rain,  prevents  the  gun  from  recoiling  fo  much  whent 
fired  as  it  would  do  if  laid  level  j  and  when  loaded,  it  is  more  eafily 
fe  ought  to  the  embrafure, 

29.  In 
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29.  In  temporary  batteries^  the  platforms  are  made  of  planks  laid 
acrofs  fome  ground  timbers  or  fleepers  :  There  is  ufually  a  platform  made! 
to  each  gun  ;  it  is  about  18  feet  long,  8  feet  broad  next  the  parapet,  and 
about  14  feet  broad  at  the  tail,  the  intermediate  fpaces  between  the  plat- 
forms ferving  for  the  (hot  and  other  neceflaries. 

30.  When  a  platform  is  to  be  laid  on  marfhy  ground  ;  firft  lay  a  floor 
or  two  of  fafciries  i  cover  thefe  with  hurdles  of  12  or  15  feet  long,  and 
6  or  7  broad  ;  on  thefe  lay  a  floor  of  3  or  4  inches  of  earth,  and  therein 
lay  the  fleepersj  and  over  them  the  planks. 

31.  When  a  battery  is  built  of  ftone  or  brick,  trie  platform  is  gene- 
rally a  flat-ftone  pavement  ranging  the  whole  length  of  the  battery : 
'This,  on  account  of  its  refilling  the  injuries  of  the  weather  for  a  long 
time,  is  to  be  preferred  to  planks  j  but  in  cafe  of  a  bombardment  fuch 
a  platform  is  to  be  avoided,  becaufe  the  fhells  will  not  only  break  the 
pavement,  but  alfd  by  driving  about  the  broken  ftonesj  do  the  troop9 
(much  mifchief. 

32.  Of  the  Magazine. 

The  magazine  to  a  field  battery  is  ufually  made  about  $0  or  60  yards 
behind  the  platform :  It  is  a  cavity  dug  in  the  ground  about  4  feet  deep  1 
the  earth  whereof  is  thrown  between  the  pit  and  the  platform  ;  the  fides 
bf  the  pit  are  fometimes  planked  round  to  keep  it  dry,  and  prevent  the 
earth  from  crumbling  in ;  and  the  powder  barrels  placed  herein  are  co- 
vered with  hurdles  and  earth,  or  tanned  hides,  to  preferve  the  powder1 
from  wet  and  fire. 

The  communication  to  the  magazine  is  by  a  Hoping  trench  beginning 
to  defcend  about  5  or  6  yards  behind  the  platform ;  and  the  earth  thrown 
on  that  fide  where  it  will  moft  conveniently  cover  the  perfons  who  remove 
the  barrels  of  powder  from  the  great  magazine  to  the  battery,  or  fmall 
magazine. 

33.  When  there  are  many  cannon  in  battery^  and  the  fervice  is  quick, 
it  is  cuftomary  to  have  to  every  two  pieces  a  (mail  magazine  to  hold  20 
or  30  barrels  of  powder :  This  is  placed  about  15  or  20  yards  behind  thtf 
platform,  and  againft  the  merlon  between  the  cannon  5  and  as  thefe  bar* 
fels  are  ufed,  they  are  replaced  by  others  from  the  great  magazine. 

At  each  magazine  a  certtinel  is  placed  to  prevent  accidents. 

And  to  prevent  perfons  coming  into  the  battery  and  magazines  who 
Jiave  no  bufinefs  there,  a  trench  is  fometimes  dug  behind  the  magazine, 
and  carried  into  the  trenches  which  communicate  between  the  magazine 
and  battery. 

34-  To  coHflrutl  a  Fafcine  battery. 

For  one  gun  provide  fafcines  of  9  feet,  600  \  of  6  feet,  100  j  of  3  feet,  120. 

And  for  every  other  piece  400;  100;  100; 

each  fafcine  being  about  G,  inches  thick  ;  and  let  there  be  three  or  four 
pickets  for  every  fafcine,  for  many  will  break  in  driving. 

Trace  the  limits  of  the  parapet  in  two  parallel  lines  about  18  feet  di- 
ftant,  allowing  8  yards-  in  length  for  one  gun,  and  6  yards  for  every 
ether  gun  j  and  along  thefe  lines  cut  a  trench  about  half  fpade  deep. 

Iiii  %  Lay 


6i2       MARINE    FORTIFICATION; 

Lay  a  row  of  9  feet  fafcines  along  one  trench,  obferving  that  their' 
ends  be  well  jammed  one  into  the  other,  and  let  each  be  pegg'd  down  with 
two  pickets,  drove  into  the  ground  till  the  head  is  funk  into  the  fafcine. 

Clofe  to  this  row  lay  another,  letting  the  two  end  ones  be  of  6  feet, 
and  the  reft  9  feet,  whereby  the  Joinings  in  this  row  will  not  fallagainft 
the  joinings  in  the  firft  row :  Let  thefe  be  alfo  flaked  down  as  before. 
Clofe  to  the  fecond  row  lay  a  third  all  of  9  feet.  Clofe  to  the  third  lay 
a  fourth,  the  two  end  ones  being  6  feet,  and  the  reft  9  feet.  In  this  man- 
ner lay  the  rows  of  fafcines  within  the  limits  flaked  out,  which  will  be 
covered  with  24:  rows ;  then  over  this  floor  of  fafcines  fprinkle  earth  to 
fill  up  the  hollows,  and  let  the  whole  be  trod  or  rammed  down. 

On  the  firft  floor  lay  a  fecond,  obferving,  that  as  in  the  firft  floor  every 
fecond  row  ended  with  6  feet  fafcines,  fo  in  the  fecond  floor  let  every 
odd  row  end  with  6  feet  ones,  whereby  the  joinings  of  no  two  fafcines 
in  this  floor  will  fall  over  the  joining  of  the  fafcines  below  them.  Let  the 
outfide  rows  in  the  fecond  floor  be  fo  placed  over  thofe  in  the  lower,  that 
there  be  a  little  floping  preferved,  the  work  narrowing  upwards.  The 
pickets  which  flake  down  this  floor  are  to  be  drove  up  to  the  head,  and 
the  channels  or  hollows  in  the  floor  are  to  be  filled  up  with  earth.  In  this 
manner  lay  four  floors,  which  will  raife  the  work  to  about  i~  or  3  feet  $ 
and  that  part  of  the  breaft-work  called;  the  wall  will  be  compleated. 

35.  To  Jlake  out  the  Mertons, 

Meafure  from  each  end  of  the  wall  12  feet,  there  flick  a  flake;  and 
plant  other  flakes  at  every  intermediate  18  feet:  This  being  done  on  the 
infide  of  the  wall,  let  other  flakes  be  planted  on  the  outfide,  either  di- 
rectly oppofite  the  former,  or  in  the  line  towards  the  place  where  the  gun 
is  more  particularly  intended  to  deliver  its  fhot.  Plant  other  flakes  on 
the  infide,  one  a  foot  diftant  on  each  fide  the  former,  and  this  will  leave 
fpaces  of  two  feet  each  for  the  inner  opening  of  the  embrafures  :  Then 
on  the  outfide,  plant  other  flakes  at  5  or  6  feet  diftance  from  the  former 
ones,  one  on  each  fide,  and  fpaces  of  10  or  12  feet  will  be  marked  out 
for  the  outfide  openings  of  the  embrafures. 

In  the  direction  of  the  pickets  which  limit  the  inner  and  outer  openings 
of  the  embrafures,  let  fingle  rows  of  fafcines  be  flaked  down  acrofs  the 
wall,  and  thefe  will  be  the  fides  of  the  embrafures :  Fill  the  intermediate 
fpaces  or  merlons  with  rows  of  fafcines  laid  lengthwife  to  the  wall,  and 
this  will  be  the  firft  floor  of  the  merlon,  which  is  to  be  picketted  down, 
and  the  hollows  filled  with  earth  as  before  directed.  Let  other  floors  be 
railed  in  like  manner,  until  the  merlons  are  carried  up  to  about  5  or  6 
feet,  or  more  if  neceflary ;  and  on  the  top»of  each  let  a  bed  or  floor 
of  earth  be  laid  of  about  8  or  12  inches  thick. 

Acrofs  the  top  of  the  inner  opening  of  the  embrafure,  either  lay  a 
bundle  of  io  or  12  fafcines  bound  together,  or  as  many  ftuft  into  a  kind 
of  bafket  open  at  both  ends,  and  the  bundle  well  flaked  to  the  merlons. 

Provide  a  blind  made  of  planks  3  or  4  inches  thick,  to  fit  the  inne'r 
opening  of  the  embrafure,  which  is  to  be  put  up  while  the  gunners  are 
loading  tl>e  piece,  to  preferve  them  from  the  fire  of  the  muiketry. 

The 
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The  cheeks  or  fides  of  the  embrafures  are  to  flope  fo,  as  to  have  the 
top  wider  than  the  bottom;  which  not  only  leaves  a  greater  opening  for 
the  blaft  of  the  gun,  but  thefe  flopes  in  works  of  this  kind  give  a  greater 
degree  of  ftrength  to  fupport  themfelves  againft  the  thruft  of  the  upper 
parts. 

36.  *To  conjirutt  the  Platforms. 

Againft  each  embrafure  lay  on  the  ground  five  pieces  of  timber  called 
fleepers,  of  about  18  feet  long  and  6  or  8  inches  fquare;  let  the  ends  next 
the  embrafure  be  placed  at  fuch  a  diftance  from  one  another,  that  the  di- 
ftance from  out  tQ  out  be  about  6  feet,  the  other  ends  fpreading  about 
12  or  14  feet  from  out  to  out;  drive  two  ftakes  of  about  3  inches  fquare 
into  the  ground  on  both  fides  of  each  end  of  every  fleeper,  whereby 
they  will  be  kept  fteady  in  their  places,  and  let  the  earth  be  well  rammed 
and  beat  up  clofe  to  them  :  But  obferve  to  let  the  tails  of  the  fleepers  be 
raifed  about  6  or  8  inches  higher  than  the  ends  next  the  wall,  to  prevent 
the  cannon  from  recoiling  too  much  when  fired. 

Cover  the  fleepers  with  planks  of  about  2  inches  thick  laid  crofswife; 
that  next  the  embrafures  being  about  8  feet  long,  the  reft  gradually  in- 
creafing,  fo  that  the  plank  at  the  tail  be  about  14  feet  long,  and  let  the 
planks  be  nailed  to  the  fleepers. 

On  this  floor  fix  a  piece  of  timber  of  about  6  or  8  inches  fquare  next 
the  embrafure,  to  ferve  as  a  fpur  for  the  carriage  wheels  to  knock  againft 
(and  is  therefore  ufually  called  the  knocker)^  when  the  gun  is  run  up  to 
the  wall ;  obferving  that  the  fpur  be  laid  parallel  to  the  object  to  be  bat- 
tered. 

The  whole  platform  mould  be  of  oak,  if  it  can  be  had. 

37.  If  there  is  any  danger  of  the  battery's  being  raked  by  the  enemy*s 
cannon,  let  an  epauhnent  or  fcreen  be  raifed  at  one  or  both  ends  of  the 
parapet,  joining  to  it,  and  conftru&ed  by  floors  of  fafcines  as  before 
fhewn :  Then  all  the  ftragling  twigs  of  the  fafcines  being  cut  off,  the 
battery  is  conftru&ed, 

A  battery  thus  made  will  do  in  cafe  of  haft,  and  where  earth  enough 
is  not  eafily  had :  But  as  it  is  fubje£r.  to  be  fired  when  the  wood  is  dry, 
it  is  not  fo  much  in  ufe  as  another  fort  called  a  Coffer  battery ;  efpecially 
where  wood  is  fcarce  and  earth  plenty. 

A  Coffer  battery  is  that  where  the  fides  of  the  wall  and  merlont 
only  are  formed  of  fafcines,  and  all  the  cavities  or  included  fpaces  filled 
with  earth. 

38.  To  make  a  Coffer  battery. 

The  place  of  the  battery  being  determined,  mark  out  with  a  line  of 
fome  kind,  the  limits  of  the  parapet  of  about  18  or  20  feet  thick;  and 
3  or  4  feet  before  the  parapet,  mark  out  with  lines  or  ftakes,  the  limits 
of  the  ditch  of  about  10  or  12  feet  broad,  or  more  if  earth  is  wanted;  al- 
lowing 8  yards  in  length  for  one  gun,  and  6  yards  more  for  every  other 
gun. 

On  the  outlines  of  the  parapet,  cut  a  trench  of  about  5  or  6  inches 
wide  and  deep,  and  therein  lay  a  row  of  fafcines,  the  ends  being  jammed 
one  into  the  other ;  let  thefe  be  flaked  down  ;  Lay  on  them  another  row, 

•   fo 
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to  that  the  joinings  of  thefe  be  not  dire&i  j  over  the  joinings  of  the  lowef 
one,  and  the  knots  of  all  the  bands  turned  inwards,  flake  thefe  down; 
and  on  them  lay  in  like  manner  a  third  and  a  fourth  row,  &c.  until  the 
height  be  about  3  feet.  The  fame  kind  of  work  being  done  at  the  ends* 
and  for  the  epaulment  if  wanted,  the  coffer  for  the  wall  will  be  made. 

Then  let  the  men  be  difpofed  along  the  place  intended  for  the  ditch, 
and  with  the  proper  tools  break  the  ground  and  throw  it  into  the  coffar  j 
tvhere  another  fet  of  men  are,  as  the  earth  is  thrown  ins  to  (bread  it 
and  ftamp  it  down  with  rammers  ;  and  this  work  is  to  be  continued  until 
the  coffer  is  filled. 

39.  When  the  wall  is  finifhed,  let  the  embrafures  be  flaked  out  as  be- 
fore (35),  and  a  coffer  formed  in  like  manner,  as  for  the  wall,  for  each 
merlon,  which  is  alfo  to  be  filled  with  earth  and  rammed  down. 

The  other  articles  in  the  preceding  battery  are  to  be  followed  in  this, 
the. only  difference  being  in  the  making  of  the  parapet. 

When  a  proper  place  for  a  temporary  battery  is  deftirute  both  of  dry" 
earth  arid  wood,  then  materials  muft  be  carried  to  the  place  j  thefe  ufu- 
ally  are  gabions  and  eartb-facks. 

The  Earth-sacks  are  only  bags  to  carry  earth  in. 

A  Gabion  is  a  large  bafket  without  a  bottom  :  They  are  of  various 
fizes,  as  from  3  feet  high  and  2-|  or  3  feet  diameter  to  6  or  8  feet  high 
and  6  or  7  feet  diameter. 

4O4  To  fnake  a  Gabion  battery. 

Along  the  line  pitch'd  out  for  the  battery,  let  the  gabions  be  planted 
in  the  places  where  the  merlons  are  to  be :  The  gabions  ufed  are  of  5^ 
6  and  7  feet  diameter,  and  8  feet  high.  Each  merlon  muft  have  7  ;  that 
is,  3  within  of  6  feet  diameter,  next  two  of  7  feet  diameter,  and  on  the 
outfide  two  of  «|  feet  diameter  j  obferving  to  leave  proper  openings  for1 
the  embrafures,  of  about  2  feet  on  the  infide,  and  9  or  10  on  the  outfide; 

Or  thus :  Let  the  merlons  be  made  of  gabions  5  feet  diameter ;  then 
put  four  within,  three  in  the  middle,  and  two  on  the  outfide  ;  this  con- 
ftruction  being  rather  wronger  than  the  former. 

The  ends  and  epaulments  are  alfo  formed  by  three  rows  of  gabions. 

The  floors  or  bottoms  of  the  embrafures  are  to  be  filled  with  gabion* 
6f  about  three  feet  high,  arid  of  a  proper  diameter  to  fill  up  the  fpaces 
between  the  merlons. 

The  gabions  being  placed,  they  are  to  be  filled  with  earth  brought^ 
from  the  neareft  places  that  will  afford  it,  in  the  earth-facks ;  or  elfe 
they  may  be  filled  with  dung  mingled  with  fand  ;  and  in  cafes  of  neceflity* 
they  may  be  filled  with  large  faggots,  or  billet  wood$  obferving  that  the 
voids  between  the  gabions  are  alfo  filled. 

Batteries  of  this  conftru6lion  are  ufually  made  cm  marfhy  or  rocky 
ground. 

41.  The  Sieur  Remy.,  in  his  Memoirs  of  Artillery?  has  given  a  table 
for  the  ready  finding  of  all  the  requisites  for  the  conftruc"tion  of  tem- 
porary batteries,  and  for  their  daily  fervice,  the  pieces  being  24  pounders^ 
and  although  thefe  batteries  are  calculated  only  for  fieges^  and  are  of  the 
eoffer-kind,  yet  from  this  table  may  be  derived  fesh  Kotioas  its  Will 
greatly  help  young  artift?  on  other  oceafittift 
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It  is  alfo  proper  to  mention  the  number  of  fafcines  and  pickets  that  is 
ufually  expedited  every  day  from  the  labour  of  each  man  employed  in  that 
fervice. 

Fafcines  of  5  or  6  feet  long,  and  5  or  6  inches  thick,  bound  with 
two  wyth  bands  each,  one  man  will  make  16  or  18  in  a  day,  with  two 
pickets  to  each. 

Fafcines  of  8  or  9  feet  long  by  8  or  9  inches  thick,  and  two  picket* 
to  each,  one  man  ufually  makes  10  or  12  in  a  day. 

Fafcines  of  12  feet  long  by  9  inches  thick,  with  three  pickets  to  each, 
8  or  10  fuch  are  ufually  expected  for  one  man's  day's  work. 

The  days  here  underftood  are  fuch  wherein  the  men  may  work  about 
J 2  hours. 

In  the  following  table  C  ftands  for  hundred. 
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43.  When  batteries  are  erected  at  leifure,  and  wanted  to  ftand  for 
fome  years,  then  it  is  beft  to  make  them  of  ftone  or  brick,  or  good 
loamy  earth,  according  as  the  materials  are  neareft  at  hand,  or  can  be 
moft  eafily  procured. 

When  made  of  ftone,  the  thicknefs  of  the  parapet  is  ufually  about 
4  or  5  feet :  But  this  thicknefs  is  varied  according  to  the  quality  of  the 
llone,  or  to  the  fize  of  the  cannon  that  may  be  brought  by  an  enemy  to 
fire  on  it.  > 

Parapets  of  brick,  are  of  5,  6,  8,  or  even  10  feet  thicknefs,  accord- 
ing to  the  goodnefs  of  the  materials,  or  the  fervice  it  is  to  endure  j  and 
the  angles  are  generally  of  ftone. 

A  parapet  made  of  good  earth,  and  18  or  20  feet  thick,  with  the 
furface  covered  with  green  turf,  will  reftft  the  injuries  of  the  weather 
for  feveral  years,  and  ftand  the  fhock  of  an  enemy's  cannon  the  beft  of 
any. 

44.  As  the.fe  perpetual  batteries. are  generally  raifed  fomewhat  above 
the  level  of  the  adjacent  land  or  water  which  they  are  to  command  ;  fo 
it  is  ufual  to  make  the  floor  of  the  embrafures  {loping,  the  drip  being  on 
the  outfide,  about  a  foot  or  foot  and  half  below  the  fill  of  the  inner 
opening,  whereby  the  cannon  may  be  pointed  downwards. 

When  the  embrafures  are  cut  thro'  an  earthen  parapet,  they  are  com* 
monly  lined  with  brick  ;  or  at  leaft  the  angles  are  made  of  mafonry,  thefe 
parts  being  the  moll  fubjecf.  to  be  injured  by  the  weather. 

The  beft  embrafures  are  thofe  made  with  a  neck,  whereby  a  part 
of  the  opening  becomes  more  contracted,  and  confequently  is  better 
adapted  to  preferve  the  gunners  and  cannon  from  the  enemy's  (hot,  than 
when  the  cheeks  of  the  embrafures  are  made  ftrait.  ' 

45.  Altho*  the  axis  or  middle  line  of  an  embrafure  fhould,  if  poffible^ 
be  at  right  angles  to  the  length  of  the  parapet,  yet  it  may  fometimes  be 
jiecefTary  to  have  them  oblique  :  When  this  happens,  the  infide  of  the 
jparapet  is  notched,  or  fo  cut  away,  to  leave  proper  room  for  the  front 
of  the  platform,  that  the  wheels  of  the  carriage  may  be  drawn  up  a- 
gainft  the  inner  opening  for  the  axis  of  the  gun  to  lie  in  the  axis  of  the 
embrafure  :  But  then  the  outfide  of  the  parapet  is  to  be  ftrengthened,  to  ' 
compenfate  for  what  is  cut  away  within. 

The  foregoing  particulars,  relating  to  embrafures,  will  be  fufEciently 
illuftrated  by  the  following  precepts  for  their  conftrudtion, 

46,  .  To  conftruft  the  Plans  of  embrafures. 

First.       For  the  Plain  embrafure.     Plate  XII.     Fig.  4. 

ift.  Draw  the  axis  ab  perpendicular  to  the  parapet. 
2cl.  For  the  front  opening,  make  ac  =  ad,  each  from  4  to  5  feet. 
3d.  For  the  inner  opening,  make  bf  =  be,  each  from  1  ]  to  2  feet. 
4th.  Draw  fd,  EC,  for  the  cheeks  of  the  embrafure  required 
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47.  Secondly.  For  the  neci'd  embrafures.     Plate  XII.    Fig.  5. 

ift.  Having  drawn  the  cheeks  for  a  plain  embrafure  as  before ;  then 
from  b,  the  middle  of  trie  inner  opening,  draw  bc,  bd. 

2d.  In  the  axis  ab,  take  bg  =  Q.\  or  3  feet  J  thro'  g  draw  ih  at  right 
angles  to  ba,  cutting  bc,  bd,  in  h,  i,  and  join  fh,  fi. 

Then  dif,  che,  are  the  angular  cheeks,  ih  being  the  neck  or  nar- 
rowing of  the  embrafure. 

48.  Thirdly.  For  an  oblique  embrafure.     Plate  XII.  Fig.  6. 

1  ft.  Draw  the  axis  a  b  in  the  dire&ion  where  the  gun  is  to  command, 
and  thro'  any  convenient  point  1,  taken  in  ab,  draw  nn  at  right  angles 
to  ab. 

2d.  Make  in  =  4  or  5  feet  for  the  front  opening,  ip  =  i\  or  2  feet 
for  the  inner  opening,  and  iQj=  4  feet  for  the  front  of  the  platform. 

3d.  Thro'  N*  p,  c^,  and  parallel  to  a  b,  draw  nc,  nd,  cutting  the 
front  of  the  parapet  in  c,  d  ;  and  P  p,  Qj,  cutting  the  infide  of  the  pa* 
rapet  in  ^,  q . 

4th.  Thro'  q  draw  q  r  parallel  to  nn,  cutting  the  former  lines  in  f, 
b,  e,  r  ;  join  ed,  Fc,  and  draw  r  s  parallel  to  a  line  thro'  b  and  c; 

Then  the  fpace  qrs  being  cut  away,  the  wheels  of  the  carriage  can 
knock  againft  the  line  yr,  and  the  axis  of  the  gun  will  lie  in  the  line  b  a 
intended  for  the  axis  of  the  embrafure. 

It  is  evident  that  the  parapet  is  confiderably  weakened  by  the  cuts  for 
thefe  oblique  embrafures,  and  therefore  mould  be  ftrcngthened  on  the  outfrde. 

4.9.  When  the  embrafures  are  to  be  exprejfed  In  the  parapets  of  a  plan  dratvn 
from  a  fmall  fcale,  it  is  done  thus.     Plate  XII.     tig.  8. 

On  the  infide  of  the  parapet  rs,  lay  off  as  many  times  6  yards,  m 
the  points  r,  c9  c,  &c.  as  the  length  of  the  parapet  will  admit,  unlefs  re- 
trained by  particular  circumftances ;  and  from  the  points  c,  c,  c,  &c. 
draw  lines  to  the  front  of  the. parapet,  dividing  it  into  parts  of  3  yards 
each  j  then  taking  the  parts  oppofite  the  points  c  for  the  fronts  of  the 
embrafures,  the  other  parts  will  reprefent  the  fronts  of  the  merlons  ,, 

Shade  all  the  merlons,  leaving  white  angular  fpaces  to  exprefs  the 
embrafures,  and  ftrengthen  the  inner  line  of  the  parapet  and  the  front 
lines  of  the  merlons. 

50.  Of  the  Profiks  of  batteries.     Plate  XII.     Fig,  7. 

Let  the  ground  line  of  the  battery  be  ab,  bd  that  of  the  parapet, 
whofe  inner  Hope  dh,  if  formed  by  making  d  a  ■=.  it  feet,  and  the 
perpendicular  a  H  r=  6  or  7  feet;  the  crown  of  the  parapet  Hi  is  formed 
by  making  biz  foot  or  two  lower  than  a  h  ;  and  the  front  of  the  bat- 
tery ib  is  found  by  making  b  b  =  •§•  b  1,  when  of  earth,  or  =  \  of  b  1 
when  of  mafonry.  Make  dc  =  i\  or  3  feet,  gives  c  the  fill  of  the  erii- 
brafure,  whofe  floor  cg  is  to  drip  a  foot  or  two  below  the  level  line  cf. 
.  The  platform  de  is  18  or  20  foot,  the  tail  e  rifing  about  6 
inches  above  the  level  line  ab,  the  lower  double  line  reprefents  the 
ileeper  laid  lengthwife,  and  the  upper  double  line  maded  with  the  lines 
acrofs,  exprefs  the  ends  of  the  planks  laid  on  the  fleepers. 

A  gun  on  its  carriage,  with  the  wheels  againfl  the  knocker  at  D,  is 
annexed  to  the  figure3  to  ftren»then  the  learner's  notions. 
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Of  additional  works. 

51.  Of  Ramps. 

When  a  battery  is  raifed  above  the  level  of  the  ground  it  is  built  on, 
there  muft  be  made  gentle  (lopes  for  the  cannon  to  be  drawn  up  and 
down  by,  and  alfo  for  the  eafy  communication  of  the  troops  polled 
there ;  thefe  flopes,  to  diftinguifh  them  from  the  flope  ufually  given  to 
elevated  works  for  their  better  fecurity  of  ftanding,  are  called  Ramps. 

The  bafe  of  the  flope  commonly  given  to  earth-banks  for  their  fup- 
port,  is  on  the  infide  about  a  foot  bafe  for  a  foot  of  height,  and  on  the 
outfide  is  about  8  inches  on  a  foot,  or  •§-  of  the  height ;  that  is,  they  rife 
12  inches,  on  8  inches  of  bafe:  But  for  the  flopes  of  ramps,  the1  rife  is 
only  about  2  inches  on  12,  or  the  length  of  the  ramp's  bafe  is  fix  times 
the  height,  and  this  is  general,  for  the  draught  of  carriages  :  But  foot- 
ways need  not  be  of  fo  gentle  a  flope,  a  rife  of  one  foot  in  three  may  do 
well  enough;  or,  inftead  of  ramps,  flairs  may  be,  and  commonly  are, 
ufed  for  the  paflage  of  the  foot. 

The  breadth  of  a  carriage-ramp  is  ufually  about  9  or  10  feet,  that 
breadth  being  fufficient  for  the  carriage  and  foot-way  befide :  But  thofe 
for  foot-palTage  only,  need  not  be  above  3  or  4  feet  wide. 

Ramps  may  either  rife  on  the  fide  of  an  elevated  work,  or  againft  a 
faliant  angle  of  that  work ;  their  reprefentations  in  plans  may  be  ex- 
.prefTed  as  in  the  following  conftruclions. 

52.     To  conjlrutt  a  Ramp  on  the  fide  of  a  hank.     Plate  XII.    Fig.  9. 

Let  xx,  zz,  be  lines  exprefllng  in  a  plan,  the  flope  of  a  bank  equal 
to  its  height,  which  fuppofe  to  be  12  feet. 

1  ft.  Thro'  a,  the  point  affigned  where  the  ramp  is  to  end,  draw  cb 
perpendicnlar  to  xx,  and  make  Ac  of  about  10  feet. 

2d.  In  zz  take  bd  ==  4  times  ab,  or  8  yards;  thro'  d  draw  AE,  and 
thro'  c  draw  cf  parallel  to  ae,  cutting  xx  in  g,  and  zz  in  f. 

3d.  Thro'  f  draw,  at  right  angles  to  gf,  the  line  /e  cutting  xx  in 
/,  and  ae  in  E;  join  be,  and  the  lines  gf,  ea,  eb  exprefs  the  ramp. 

It  is  fometimes  proper  to  have  ramps  rife  on  either  hand  for  the  con- 
venience of  carriages  coming  from  the  right  or  left ;  but  they  muft  then 
be  fo  far  afunder,  that  mould  a  carriage  be  drawing  up  each  at  the  fame 
time,  the  horfes  of  one  may  pafs  clear  of  thofe  of  the  other. 

To  conjlrutt  a  Ramp  in  a  faliant  angle  of  a  bank.    Plate  XII.  Fig.  10. 

53.  First  method.  This  is  done  in  the  fame  manner  as  in  the  fide 
of  a  bank;  obferving  that  the  end  a  is  taken  6  or  7  yards  from  the  fa- 
liant angle,  when  a  ramp  is  to  be  conftru£tcd  on  both  fides ;  otherwise 
he  ramp  may  end  at  the  faliant  angle  x. 
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54.  Second  method.  Fig.  it.  ift.  From  x  draw  a  line  xn  bi« 
fe£ting  the  faliant  angle  ;  make  xn  =  6  times  the  height,  or  equal  to  12 
yards,  and  on  both  fides  draw  a  parallel  line  qR  at  the  diftance  from  XN 
of  half  the  breadth  of  the  way  ;  fuppofe  at  5  feet  diftance  from  xn. 

2d.  Bifedr.  the  angle  xqr  with  the  line  qy,  cutting  the  line  zz  in  Y  5 
join  yr,  and  the  plan  is  formed. 

55.  Third  method.  Fig.  12.  From  x  the  faliant  angle,  with  a 
radius  of  6  times  the  height,  fuppofe  of  12  yards,  defcribe  the  arc  ll  ; 
and  with  5  times  the  height,  or  10  yards,  defcribe  the  arc  kk,  cutting 
zi  in  o,  and  draw  op  parallel  to  kl. 

Make  xm  =  2  or  3  yards,  and  draw  the  curved  lines  mo,  MP,  which 
in  plans  are  beft  done  by  hand  j  or  elfe  draw  right  lines  from  m  to  o, 
and  from  m  to  p,  and  the  plan  of  the  ramp  is  made. 

56.  Of  Barbets. 

It  often  happens  that  by  raifing  the  floor  of  part  of  a  battery,  the  guns 
placed  thereon  have  an  advantageous  command  over  fome  part  of  the 
neighbourhood  ;  and  when  the  guns  thus  raifed  fire  over  the  crown  of  the 
parapet  without  any  embrafures,  it  is  called  an  Open  battery,  or 
Battery  en  barbe,  or  plainly  a  Barbet. 

Thefe  barbets  may  be  made  either  in  a  curtin,  or  at  the  faliant  angle 
of  a  flanker :  They  always  mould  be  i~  or  3  feet  lower  than  the  crown 
of  the  parapet,  be  about  8  or  9  yards  broad  at  top,  with  a  proper  dope 
to  the  Safe,  of  a  length  proper  for  the  number  of  guns  to  be  mounted  on 
them,  allowing  about  5  or  6  yards  for  each,  and  afcended  at  each  end  by 
a  proper  ramp. 

57.  To  give  a  farther  illuftration  to  this  article,  here  is  added  an  ex- 
planation of  the  plan,  and  of  the  profile  thro'  the  line  bc.  Plate  XII. 
Fig.  13,  14,  15- 

Let  pqrvx  be  a  common  bank  of  a  line,  whofe  parapet  is  rstv  ;  the 
inner  flope  Rs  being  about  6  or  7  feet  higher  than  qr:  Then  the  bank 
mnoR,  raifed  fo  high  that  the  cannon  can  fire  over  the  crown  of  the 
parapet  st,  is  the  barbet^  whofe  height  np  is  about  3  or  4  feet. 

On  the  top  of  the  barbet  a  platform  is  raifed  as  in  other  batteries. 

Let  the  figs.  14,  15,  reprefent  part  of  the  plan  of  aline,  and  one  of 
its  flankers,  or  of  a  battery  conftrudted  in  fuch  a  form ;  where  a  a  is  the 
length  of  the  barbet  or  raifed  battery,  fuited  to  the  number  of  guns  to 
be  ufed,  which  are  to  be  drawn  up  the  ramps  put  at  the  ends ;  the  breadths 
being  about  8  or  9  feet,  and  the  length  a  b  about  7  or  8  yards. 

58.  Of  Cavaliers. 

A  cavalier  is  a  battery  raifed  above  the  other  works,  and  covered  by 
a  parapet  with  embrafures. 

Cavaliers  are  of  various  fhapes,  fuch  as  fquare  (Plate  XII.)  fig.  17, 
or  round,  fig.  16,  or  like  a  horfe-fhoe,  or  a  plain  line;  but  when  they 
are  conftru&ed  in  flankers,  as  is  ufually  the  cafe,  fig.  18,  they  are  of  a 
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like  figure  to  that  flanker ;  leaving  a  fpace  of  about  8  or  10  yards,  or 
more,  between  the  parapet  of  the  flanker  and  the  outline  of  the  cavalier. 

They  fhould  be  faced  with  earth,  or  plank  or  brick,  but  not  with 
ftone,  becaufe  the  fplinters  knock'd  ofx  by  the  enemy's  cannon  would 
greatly  annoy  the  troops  that  may  be  potted  in  the  line  below  the  ca- 
valier. 

Any  other  particulars  will  be  fufnciently  known  from  the  figures;  ob^ 
fcrVing,  in  the  plans,  to  reprefent  their  outfide  limits  by  a  double  line, 
to  exprefs  the  Sloping  of  the  earth,  and  to  put  a  ramp  in  the' gorge. 

59.  Of  Trqverfes. 

A  traverfe  is  a  bank  of  earth  thrown  perpendicularly  acrofs  a  line,  or 
other  work,  to  prevent  the  enemy's  cannon  from  raking  that  line. 

Thefe  travefTes  may  be  from  12  to  18  feet  thick,  in  order  to  be  can- 
non proof,  and  their  height  about  6  or  7  feet,  or  more  if  the  line  is 
expofed  to  any  eminence  from  whence  the  enemy  has  a  command. 

And  to  preferve  a  communication,  a  pafiage  of  about  5  or  6  feet  wide 
muft  be  left  at  one  end  of  the  traverfe. 

60.  The  different  ways  of  conftru cling  thefe  works  are  readily  feen 
by  the  figures  in  Plate  XII.  fig.  19,  2C,  21,  22. 

Thus  at  A,  fig.  19,  it  is  formed  by  two  equal  fhort  banks,  whofe 
ends  jut  one  beyond  the  other  about  3  or  4  feet,  leaving  a  paflage  of 
about  6  feet. 

At  b,  c,  and  figs.  20,  21,  the  end  of  the  traverfe  juts  about  2  or  3 
feet  into  the  parapet,  befide  the  paflage  :  But  as  this  greatly  weakens 
the  parapet,  it  is  to  be  pra&ifed  only  in  fuch  places  where  there  is  fuffi- 
cient  thicknefs  left;  and  where  nothing  can  be  fpared  from  the  parapet, 
the  traverfe  may  be  made  as  at  e  and  f,  fig.  22. 

If  any  part  of  a  work,  thus  fhut  in  by  one  or  more  traverfes,  is  likely 
to  be  defended  by  the  mufketry,  then  it  is  proper  to  add  to  the  tra- 
verfe one  or  more  foot-banks  within  the  defence,  for  the  troops  to  mount 
pn  when  they  want  to  fire  over  the  traverfe,  leaving  the  upper  foot-bank 
4^  feet  below  the  crown,  of  the  traverfe. 

6r.  Of  Pa !! fades. 

Palifades  are  flrait  wooden  flakes  of  about  9  or  10  feet  long  an$ 
about  Vne  thicknefs  of  a  middling  fixed  leg,  but  of  a  triangular  or  rec- 
tangular fhap'e,  and  have  one  of  their  ends  pointed.  Their  ufe  is  to  form 
a  line  before  thofe  places  that  are  moft  likely  to  be  taken  by  furprize. 

The  beft  are  thofe  made  of  oak,  but  where  this  is  wanted,  or  on 
emergent  occafions,  the  beft  are  thofe  which  can  moft  conveniently  b? 
procured; 

In  planting  of  palifades,  it  is  ufual  to  fink  about  three  feet  of  them 
into  the  ground,  the  thick  end  downwards,  and  to  fet  them  about  four 
inches  from  one  another  ;  the  whole  is  braced  together  by  pieces  nailed 
acrols  them  near  the  tops,  and 'fecured  by  thick  polls  at  the  d  if  lance  of 
every  tour  or  five  yards.  . 
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Palifades  are  found  to  be  a  very  good  defence  againft  an  enemy  not 
oreatly  fuperior,  and  deftitute  of  cannon ;  for  the  defendants  may  freely 
ufe  their,  fmall  arms  at  the  time  they  are  half  covered  by  the  palifades; 
whereas  the  aflailants  being  quite  expofed,  attack  with  the  difadvantagc 
of,  at  leaft,  one  to  two. 

62.  Of  Barriers. 

A  barrier  is  a  kind  of  fence  or  gate  ferving  to  fhuf  up  the  roads  or 
paflages  in  works  of  any  kind,  to  prevent  their  being  carried  by  furprize, 
and  are  of  various  kinds,  as 

1  ft.  A  ftrong  chain  drawn  acrofs  the  paffage,  at  about  37  or  4  feet 
above  the  ground,  and  faftened  at  each  end  to  an  upright  poft. 

2d.  A  beam  laid  horizontally  acrofs  two  upright  pofts. 

3d.  A  Bar-gate  hanging  by  hinges  to  an  upright  poft. 

4th.  A  Cheveaux  de  frise,  which  is  a  horizontal  beam  ufually 
cut  into  6  ildes,  each  whereof  is  armed  with  iron  fpikes  fet  within  five 
or  fix  inches  one  of  the  other :  This  beam  is  fupported  at  each  end  by 
an  upright  poft. 

5th.  A  Turnstile  which  confifts  of  two  or  three  pieces  of  timber 
framed  crofswife,  making  four  or  fix  rays  like  the  fpokes  of  a  wheel ;  this 
frame  is  put  on  a  poft  in  the  middle  of  a  paffage  to  turn  horizontally,  fa 
that  two  of  its  rays  always  ftretch  acrofs  the  paffage,  and  prevent  more 
than  one  perfon  at  a  time  from  paffing  the  fame  way. 

6th.  A  Herrison,  which  is  a  cheveaux  de  frize  turning  horizontally 
on  a  poft  in  the  middle  of  a  paffage  like  a  turnftile. 

7th.  Klinkets,  are  ftrong  doors  or  gates  made  like  palifades,  and 
are  hung  and  faftened  as  other  gates  are. 

63.  Of  Redouts. 

A  Redout  is  ufually  a  temporary  work,  thrown  up  to  ftrengthen  the 
line?  which  fhut  up,  or  fecure  a  pafs :  They  are  ufually  figures  of  three, 
four,  five  or  fix  fides,  encompaffed  with  a  ditch  and  a  bank  of  earth. 

The  bank  encompaffmg ,  fuch  works  generally  confifts  of  two  parts, 
called  rampart  and  parapet. 

64.  The  Rampart  is  a  large  bank  furrounding  a  work  or  place, 
of  a  height  fufficient  to  cover  the  habitable  parts  of  the  houfes  (if  any) 
from  the  direct  fire  of  the  enemy  ;  or  to  raife  the  defendants  fo,  as  tQ 
command  the  neighbourhood  ;  and  of  a  thicknefs  fufficient  to  refift  the 
efforts  of  an  enemy's  cannon  for  fome  time. 

,1 

65.  The  Parapet,  or  breaft-work,  is  a  bank  raifed  on  the  rampart 
clofe  to  its  outer  edge,  to  coyer  and  defend  the  troops  pofted  behind  it, 
on  the  rampart. 
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66.  On  thpfe  fides  of  the  woik  likely  to  be  attacked,  the  parapet  is 
cut  into  embrafures  and  merlpns,  of  the  fame  fize  and  ftjape  as  lias  been 
frewn.  at  arts.  35,  46. 
1    ,  Againft 
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Againft  every  merlon,  a  foot-bank  is  raifed  on  the  infidefor  the  mufke- 
try  to  ftand  on  when  they  are  to  fire  over  the  crown  of  the  parapet. 

To  every  embrafure  a  platform  is  to  be  fitted,  either  of  planks,  as 
(hewn  in  art.  36,  or  of  ftone,  as  defcribed  in  art.  43. 

When  thefe  redouts  are  intended  to  defend  lines  or  inrYenchments, 
their  faces  or  fronts  fhould  be  fo  placed,  that  the  fhot  difcharged  from 
them  may  fly  directly  to  the  front  of  thofe  lines  j  for  hereby  the  enemy 
may  be  fo  galled  in  flank  as  to  find  it  neceffary  to  attack  the  redouts, 
and  thereby  either  weaken  his  attack  on  the  lines,  or  caufe  him  to  lofe 
time  :  But  when  redouts  are  built  more  particularly  to  defend  the  fpot 
whereon  they  ftand,  their  faces  muff,  then  front  the  places  from  whence 
they  may  be  battered,  and  alfo  command  the  ways  by  which  they  may 
be  approached. 

67.  The  inner  fides  of  fquare  redouts  are  ufually  between  the  limits 
i)f  1 2  yards  and  32  yards  ;  and  when  they  are  to  be  defended  by  mufke- 
try,  the  number  of  men  neceffary  to  the  defence  may  be  thus  determined. 

Rule.  Half  the  fide  fquare d gives  the  number  of  troops. 

Exam.  In  a  fquare  redout,  one  of  whofe  fides  within  is  24  yards: 
Required  the  number  of  troops  neceffary  for  its  defence  ? 

Half  of  24  is  12:  Then  the  fquare  of  12  is  144  for  the  number  of 
men. 

And,  Twice  the  fquare  root  of  a  given  number  of  men,  fhews  the 
length  in  yards  of  the  fide  of  a  fquare  redout  proper  to  contain  them. 

Thus  to  contain  100  men,  whofe  fquare  root  is  10,  the  fide  of  the 
fquare  redout  muft  be  20  ,yards. 

68.  To  conflruft  a  Square  redout.     Plate  XII.  Fig.  23. 

I  ft.  Mark  out  a  fquare  whofe  fide  is  adapted  to  the  number  of  troops 
that  may  be  allotted  for  the  defence ;  as  ab  for  the  infide  of  the  rampart. 
'  2d.  About  this  fquare,  at  the  diftance  of  10  or  12  feet,  defcribe  an- 
other fquare,  whofe  fide  cd  is  the  inner  boundary  of  the  parapet. 

3d.  Make  a  parapet  of  about  9  or  10  feet  thick,  whofe  outline  is  the 
line  ef  ;  leave  a  berm  of  about  3  or  4  feet  broad,  whofe  fide  is  gh,  and 
dig  a  ditch  of  about  16  feet  wide,  and  about  6  or  7  feet  deep,  which  let 
be  rounded  before  the  angles  of  the  redout. 

4th.  Make  the  rampart  from  4  feet  to  9  or  ro  feet  high,  according  to 
circumftances,  let  the  parapet  be  6  or  7  feet  higher,  and  let  the  foot- 
bank  be  4-*-  feet  lower  than  the  ciown  of  the  parapet. 

5th.  On  that  fide  moft  fecure  from  the  enemy  make  a  bridge  acrofs 
the  ditch,  and  a  paflage  thro'  the  rampart :  The  breadth  of  this  way 
fhould  be  about  4  or  5  feet,  if  the  defence  is  to  be  mufketry  only ;  but 
9  or  10  feet  if  cannon  are.  to  be  ufed ;  and  in  either  cafe  the  paffage  is  to 
be  (hut  up  by  a  ftrong  gate. 

But  if  the  redout  is  to  be  defended  by  cannon,  both  the  rampart  and 
parapet  fhould  be  at  leaft  5  or  6  feet  thicker. 
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69.  As  it  is  cuftomary  for  troops  to  prefent  their  breafts  to  trie  para- 
pet, and  then  fire  dire&  before  them,  there  will  be  a  very  confiderable 
(pace  before  each  angle  of  the  work,  that  will  be  in  a  great  meafure  ex- 
empt from  the  fhot  :  To  remedy  this  defe£t,  in  thefe  works,  it  has  been 
propofed  to  round  the  infide  of  the  angles  of  the  parapet,  and  poft  three 
or  four  men  there  to  defend  the  angle,  for  more  cannot  well  be  applied  : 
But  this  appearing  alfo  defective,  Mr.  Clairac  has  fhewn  an  ingenious 
method  to  make  the  fire  pretty  near  equal  in  all  parts ;  which  is  done  by 
cutting  the  infide  of  the  parapet  into  notches-,  whofe  two  fides,  of  a  yard 
each,  are  at  right  angles  to  one  another,  and  make  half  right  angle* 
with  the  fides  of  the  work  ;  the  manner  whereof,  and  its  defence,  will 
be  plain  from  feeing  the  figure  23,  where  the  lines  with  dots  at  the  ends 
reprefent  the  fire  three  different  ways  from  the  fame  fide. 

There  are  in  many  Treatifes  of  Fortification  directions  to  make  a 
kind  of  temporary  works  called  Sconces,  or  Field-forts;  fome 
whereof,  which  are  pretty  well  contrived  for  defence,  will  be  here  ex- 
plained ;  but  one  fpecies  of  fconces,  called  Star-forts,  are  fuch 
wretched  baubles,  that  nothing  more  will  be  mentioned  of  them  here,  than 
to  recommend  their  plans  as  pretty  things  to  ftick  on  childrens  kites. 

70.      To  conjlruft  a  Flanked  redout.    Plate  XII.  Figs.  24,  25,  26. 

Having  defcribed  the  inner  figure,  where  a  b  is  an  inner  fide  of  the 
redout,  fuppofe  of  about  18  yards. 

Parallel  to  this  figure,  at  the  diftance  of  about,  four  or  five-  yards  from 
it  (or  more  if  neceflary),  defcribe  an  outward  figure,  whofe  fides  are 
ED,  ef,  &V. 

Divide  each  fide,  as  ed,  ef,  i$c.  into  three  equal  parts,  one  whereof 
is  Eij  fl,-  &c. ;  and  in  thefe  fides  prolonged,  take  dg,  eh,  &c.  each 
equal  to  one  of  thofe  three  parts. 

From  the  points  g,  h,  &c.  thus  found,  draw  the  lines  of  defence  to 
the  angles  of  the  outward  figure,  as  hd,  &c. 

From  the  points  1,  l,  &c.  draw  the  flanks  ik,  lm,  &fr.  perpendicular 
to  the  fides  ed,  ef,  &c.  meeting  the  lines  of  defence  in  k,  m,  &c. 

Or,  The  flanks  may  be  thus  drawn. 

In  the  line  di  continued  towards  e,  take  IP  equal  to  twice  ie.  And. 
from  p,  as  a  centre  with  the  radius  pi,  cut  the  line  of  defence  in  jk.,  and 
draw  the  flank  ik. 

Then  to  each  face  (hk),  flank  (ki)  and  curtin  (ig),  make  a  parapet 
of  about  7  feet  thick  (or  more  if  neceflary),  which  is  exprefled  in  the 
plan  by  drawing  lines  at  that  diftance  on  the  infide  of  the  feveral 
parts. 

Leave  a  proper  berm  of  about  4  or  5  feet  broad,  and  make  a  ditch  of 
about  5  or  6  yards  wide,  whofe  outer  line  or  counterfcarp  is  to  be  pa- 
rallel to  the  faces  and  curtins  only, 

A  re- 
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A  redout  thus  constructed  is  more  capable  of  defence  than  one  with- 
out flanks  :  For  the  curtin  ig  is  well  defended  by  the  flank  i&  j  and  the 
face  hk  has  fome  defence  from  the  part  dg. 

71.  Of  Redans. 

A  Redan  is  a  fortified  line,  broke  into  feveral  curtins  and  flanks  ;  the 
defences  of  the  flanks  being  all  directed  towards  one  way. 

This  is  a  very  good  work  for  the  defence  of  any  paflage ;  fuch  as  a 
hollow  way,  a  road,  a  river,  or  a  harbour's  entrance. 

If  the  defence  is  chiefly  intended  for  cannon,  the  diftance  of  the  flanks 
from  one  another  mould  not  exceed  300  yards,  that  being  about  the 
point-blank  flight  of  a  mufket  fhot :  But  if  the  defence  is  chiefly  intended 
for  mufketry,  the  diftance  of  the  flanks  may  be  about  50  yards  or  lefs. 
In  general,  the  diftance  of  the  flanks  mould  be  regulated  accord ihg  to  the 
number  of  them  intended  to  be  placed  within  the  length  of  the  line. 
The  length  of  each  flank  mould  be  about  15  or  18  feet,  in  order  to  ad- 
mit one  gun  ;  but  if  more  cannon  than  one  are  to  be  put  in  a  flank, 
then  the  flanks  muft  be  made  proportionally  longer. 

And  if  the  flanks  are  made  about  two  or  three  feet  lower  than  the 
curtins,  there  will  then  be  no  danger  of  the  troops,  pofted  ih  the  faliant 
angle  of  one  flank,  being  hit  by  thofe  in  the  entring  angle  of  the  flank 
next  behind. 

72.  To  conjlrutt  a  Redan. 

In  the  front  line  take  the  equal  fpaces  ab,  ab,  &c.  of  the  length  pro- 
posed for  the  diftance  of  the  flanks,  as  fuppofe  50  yards ;  draw  the  per- 
pendiculars ac,  bd,  of  18  feet  each,  and  draw  the  faces  bc,  ad. 

From  the  faliant  angles  a,  b,  draw  the  flanks  ae,  be,  at  right  angles 
to  the  faces,  and  the  mafter  llrie  aebfae  will  be  conffructed. 

Make  a  rampart,  parapet  and  foot- bank;  ramps  in  the  curtinfff  ari 
embrafure  in  each  flank,  and  as  many  in  each  face  as  convenient. 

The  thicknefs  of  the  parapet,  if  of  earth,  may  be  from  9  to  1 1  feet  5 
but  if  of  mafonry,  about  4  or  5  feet  will  do* 
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section   iv. 

Of  the  Fortifying  of  "Towns; 

Towns  are  fortified  hy  furrounding  them  with  a  rampart^  moat  and 
outworks. 

73.  The  Rampart  of  a  town  is  a  large  bank  of  earth  furrounding 
the  place,  of  a  height  fufficient  to  cover  the  habitable  parts  of  the  houies 
from  the  dire&  fire  of  an  enemy ;  and  of  a  thicknafs  fufRcient  to  refifi: 
the  efforts  of  his  cannon  for  many  days. 

The  rampart  mould  at  certain  diftances,  within  the  reach  of  mufket 
fliot,  have  works  projecting  outwards,  either  contiguous  to  the  rampart, 
or  detached  from  ir;  and  thefe  projections  are  to  be  fp  contrived,  as  to 
flank  or  defend  one  another. 

Projecting  works  contiguous  to  the  rampart  are  called  ha/lions,  a>nd 
thofe  detached  from  it,  are  called  ouHvarks. 

74.  A  Bastion  is  a  projecting  work  confining  of  four  lines;  namely, 
of  two  .Faces  forming  a  faliant  angle;  and  of  two  Flanks,  which 
join  one  to  the  end  of  each  face,  and  have  their  other  ends  joined  to  the 
rampart. 

75.  The  Curtin  is  that  part  of  the  rampart  which  lies  between  two 
baftions. 

76.  The  Parapet  is  a  breaft-work  ranging  quite  round  the  faces* 
flanks  and  curtins ;  of  a  height  and  ftrength  proper  to  cover  the  troop; 
pofted  on  the  rampart. 

77.  The  Moat  is  a  large  ditch  dug  on  the  outfide  of  the  rampart  and 
fome  outworks,  quite  round  the  place :  The  earth  that  comes  out  of  it 
ferves  to  make  the  ramparts,  parapets,  and  other  elevated  works. 

The  Scarpe  is  that  border  or  wall  of  the  moat  next  the  place,  and 
the  Counterscarp  is  the  oppofite  border  or  wall. 

78.  The  Cover'd  Way,  is  a  fort  of  pafiage  or  ■ftreet  running  quite 
round  the  moat  next  the  counterfcarp ;  and  is  covered  on  the  fide  next 
the  country  by  a  bank  or  parapet. 

79.  The  Glacis  is  a  gentle  fiope  of  earth  defcending  from  the  pa- 
rapet of  the  cover'd  way  towards  the  Country. 

The  head  of  the  glacis  is  the  higbeft  part  thereof,  or  the  top  of  the 
parapet  next  the  cover'd  way.  This  part  is  fometimes  called  the  coun- 
terfcarp ;  but  the  foldiery  ufually  call  the  cover'd  way  and  glacis  toge- 
ther the  counterfcarp. 

80.  The  Outworks,  or  thofe  detached  from  the  rampart,  are  of  va- 
rious forms  and  ufes  ;  fome  to  cover  the  principal  pares  of  the  rampart, 
and  to  retard  the  enemy's  approaches  towards  the  town,  and  others  to 
fecure  thofe  places3  wkieh,  if  neglected,  might  be  ef  advantage  to  the 
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8 1.  The  names  of  the  principal  parts  of  the  Plan  of  a  Fortrefs.  Plate  13. 

The  figure  hfbmn  reprefents  the  plan  of  a  baftion. 

ag  the  thicknefsof  the  rampart. 

a  d  the  breadth  of  the  parapet. 

7n?nm  the  moat,  ditch  or  fofs. 

a  a  ad        ,  the  cover'd  way. 

bbbh  the  glacis. 

82.  Of  the  principal  Lines. 

The  line  ae  reprefents  the  exterior  fide  of  the  polygon,  and  la  its  radius. 

ik  the  interior  fide  and  Li  its  radius. 

1  a  the  capital  cd  the  normal. 

GH  the  curtin  ah  the  line  of  defence, 

gi  thedemi-gorge,  thebrdthHN  the  gorge. 

The  line  hf  reprefents  the  flank  7     r  .     ,    n. 
And     bf  the  face   |  or  the  baftlon' 

83.  Of  the  principal  Angles. 

The  angle  alb  reprefents  the  angle  of  the  centre. 

Z.AAB  the  angle  of  the  polygon,  or  Z.  of  the  gorge. 

Z.EGH  the  angle  of  the  curtin,  br  Z_  of  the  flank.- 

Z.GEA  the  angle  of  the  fhoulder. 

ZLfbm  the  angle  of  the  baftion,  or  flanked  angle. 

Z.BAH  the  diminished  angle. 


{  the  exterior  flanking  angle  5  or 


1  the  angle  of  the  tenail 
Z.EHG  the  interior  flanking  angle. 

a  p  a  the  angle  of  the  counterfcarp. 

84.        The  names  of  the  principal  parts  of  the  Profile  of  a  Fortrefs. 
Suppofed  to  be  taken  thro'  the  line  PR,  Fig.  6. 


The  line  a  a  reprefents  the  thicknefs  of  the  rampart  at  its  bafe. 
AR.  the  inner  flope      J 

br  the  inner  height    >  of  the  rampart. 

BC  the  walk  3 

cd  the  flope,  and  de  the  top  of  the  foot-bank. 

EF  the  inner  face  or  flope    i 

JG  »  the  top  or  crown  >  of  the  parapet. 

GH  the  outer  Hope  or  front  3 

Hi  the  fftee  of  the  wajlj  called  the  fcarp. 

IK  the  breadth  of  the  moat. 

KL  the  outer  wall  of  the  moat,  or  counterfcarp. 

im  the  breadth  of  the  cover'd  way. 

in  the  flope,  and  no  the  top  of  the  foot-bank, 

OP  the  flope  of  the  parapet,  or  inner  face  of  the 

glacis. 
pQ«,  the  gentle  Hop?,  and  p  the  head  of  the  glacis. 

Military 


MARINE    FORTIFICATION.       627 

Military  works  of  defence  {hould  be  conformable  to  the  principles 
which  have  from  time  to  time  been  collected  and  eftablifhed  as  funda- 
mental proportions,  fuch  are  the  following. 

85.   "  General  Principles,  ufuolly  called  Maxims. 

I.  The  plan  of  every  place  that  is  to  be  fortified,  ought  firft  to  be 
circumfcribed  with  cne  of  the  moft  convenient  polygonal  figures  that 
can  be  fitted  to-  that  place,  and  this  polygon  to  be  fortified. 

II.  The  more  regular  the  circumfcribing  polygon  is,  the  better. 

III.  It  is  a  difad vantage,  to  he  necefiitated  to  extend  the  works  about 
a  fortrefs. 

IV.  Every  fide  of  the  polygon,  as  much  as  is  poffible,  fhould  be 
equally  fortified  ;  that'  the  enemy  may  not  have  it  in  his  choice  to  attack 
a  part  more  weak  than  the  reft. 

V.  All  works  ought,  as  much  as  is  poffible,  to  be  eafy  to  build,  hard 
to  deftroy,  and  not  difficult  to  be  repaired. 

VI.  The  works  about  a  fortrefs  fhould  be  fo  contrived,  as  to  cover 
the  defendants,  difcover  the  approaches  of  the  enemy,  and  adapted  to 
the  common  weapons  of  defence. 

VII.  Each  work  fhould  be  defended  from  as  many,  as  may  be,  and  li- 
able to  be  attacked  from  as  few  places  as  poffible. 

VIII.  Thofe  works  made  to  defend  one  another  fhould  be  fufficiently 
large  to  contain  the  troops  and  cannon  neceflary  for  that  defence. 

IX.  Works  which  are  to  flank  one  another,  ought  not  to  be  at  a  greater 
diftance  than  the  point-blank  flight  of  a  mufket  fhot. 

X.  The  works  fartheft  diftant  from  the  body'  of  the  place  fhould 
ever  be  loweft,  that  they  may  be  commanded  by  thofe  that  are  nearer. 

XI.  None  of  the  works  fhould,  if  it  can  be  helped,  be  beyond  the 
point-blank  reach  of  the  cannon  within  the  town. 

XII.  Wet  ditches  are  preferable  for  fmall  places,  dry  ones  for  large 
places. 

XIII.  Baftions  with  large  flanks  and  large  gorges  are  moft  efteemed. 

XIV.  The  nearer  the  flanked  angle  of  a  baftion  is  to  a  right  one,  the 
better. 

XV.  The  faces  of  baftions  fhould  in  length  not  differ  much  from 
IOO  yards.  . 

XVI.  A  curtin  fhould  not  be  much  longer  than  180  yards,  nor  much 
fhorter  than  ioo  yards. 

XVII.  The  angle  of  the  curtin  fhould  be  between  the  limits  of  90 
and  100  degrees. 

XVIII.  The  point-blank  flight  of  a  mufket-ball  is  about  300  yards,  or 
within  the  limits  of  240  and  360  yards ;  and  that  of  a  battering  can- 
non is  about  1200  yards. 

XIX.  Battering  cannon  will  drive  a  ball  14  or  15  feet  into  a  bank  of 
common  earth  at  the  diftance  of  300  or  400  yards. 

From  the  foregoing  maxims,  conftru£fions  have  been  made  for  all 
the  regular  polygons  from  four  to  twelve  fides  inclufive  ;  and  the  quan- 
tity of  the  feveral  lines  and  angles  have  been  obtained  from  trigonome- 
trical operations  5  the  refults  of  which  are  contained  in  the  following  table. 

L  1  1  1  2  86.  A 
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S6.  A  T  a  b  l  e  Jhewing  the  meafures  of  the  principal  lines  and  angles 
in  all  regular  Fortrejfes  from  four  to  twelve  fides  inclufive. 
Calculated  from  the  exterior  Jidet  normal  and  face  being  taken  as 
known  quantities  in  yards. 
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By  the  help  of  this  table,  every  thing  relative  to  the  Matter  line  of 
any  of  thefe  Fortrefles  are  readily  conftru&ed, 

8?.  P  R  O  B  L  E  M    I. 

To  defence  any  of  the  polygons  in  the  table. 

First.     To  conjirucl  a  polygon  in  a  circle.     Plate  XIII.  Fig.  I. 

1  ft.  With  the  exterior  radius  of  the  given  polygon  defcribe  a  circle. 

2d.  Apply  the  exterior  fide  equal  to  360  yards  within  the  circumfe- 
rence of  that  circle,  from  a  to  b,  Btoc,  c  to  d,  &c.  as  many  times 
as  the  propofed  polygon  has  fides. 

3d.  Draw  the  lines  ab,  bc,  cd,  &c,  and  the  polygon  will  be  cqn- 
(ftructed, 

88.  Secondly.  To  conjirucl  a  polygon  upon  the  exterior  fide.,  Plate  XIII. 

Fig.  2. 

I  ft.  Draw  the  exterior  fide  ab  equal  to  360  yards. 

2d.  At  the  ends  a,  b,  make  angles  equal  to  the  angle  of  the  polygorj, 
and  in  that  pofition  draw  the  lines  ae,  bc,  each  of  the  length  of  ab. 

3d.  At  the  points  e,  c,  make  angles  as  before,  and  in  thoje  pofitions 
draw  the  lines  ED,  CD,  each  of  the  fame  length  as  ab. 

And  thus  proceed  until  the  polygon  is  conftrudted. 

Note,  The  two  laft  lines  may  be  found  by  defcribing  interfering  arcs 
p,  with  the  radius  ab,  from  the  centres  E  and  c.  « 

89.  PROBLEM     II. 

To  fortify  any  regular  polygon  in  the  table. 
Or,  To  draw  the  Master  lime  of  a  regular  fortrefs. 

First.        From  the  exterior  fide.     Plate  XIII.     Fig.  3. 

1  ft.  Make  the  exterior  fide  ab  equal  to  360  yards,  and  find  its  middle  c. 

2d.  Draw  cd  at  right  angles  to  ab,  and  make  cd  equal  to  the  normal. 

3d.  Thro'  d  draw  the  lines  of  defence  adh,  bdg. 

4th.  Make  the  faces  ae,  bf,  each  of  their  proper  lengths. 

5th.  Transfer  the  diftance  fe  from  F  to  G,  and  from  E  to  H. 

6th.  Draw  the  curtin  gh,  and  the  flanks  eg,  fh. 

This  work  being  done  for  every  front  or  fide,  the  mafter  line  of  the 
fortrefs  will  be  defcribed. 

This  method  is  raoft  fit,  when  the  mafter  line  is  to  be  laid  down  on 
a  place  where  there  were  no  works  before. 

90.  Secondly.     To  fortify  from  the  curtin.     Fig.  3. 

.    1  ft.  Make  the  curtin  gh  of  its  proper  length,  for  the  given  polygon. 
2d.  Make  the  angles  of  the  curtin  hge,  ghf,  as  per  table.. 
3d.  In  the  lines  ge,  hf,  take  the  flanks  ge,  hf,  of  their  proper  length, 
"kth.  Make  the  angles  of  the  moulders  gea,  hfb,  as  per  table, 
jth.  Make  the  faces  F3,   ea,  of  their  proper  lengths. 

This 
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This  method  is  proper  to  be  ufed  when  a  piece  of  an  old  fortificati- 
on is  to  ferve  for  a  curtin,  to  fave  expence. 

91.  Thirdly.  To  fortify  from  the  interior  fide.     Fig.  3. 

1  ft.  Make  the.  interior  fide  ik  of  the  length  given  Ui  the  table  for  the 
propofed  polygon. 

2d.  From  each  end  fet  off  its  proper  demigorge  kh,  and  gi. 

3d.  On  k  and  1  as  centres,  with  the  extent  of  the  capital,  as  per 
table,  defcribe  arcs  at  b  and  a. 

4th.  On  h  and  g  as  centres,  with  the  length  of  the  line  of  defence, 
as  per  table,   cut  the  former  arcs  in  a  and  b. 

5th.  Draw  the  lines  ah,  bg  j  in  which  take  the  faces  ae,  bf,  and 
draw  the  flanks  eg,  fh. 

This  method  is  ufeful  when  modern  ramparts  and  baftions  are  to  be 
annexed  to  fimple  walls  furrounding  a  place. 

In  either  of  the  above  methods,  the  work  here  defcribed  for  one  front 
is  to  be  applied  to  every  front  of  the  polygon ;  and  it  is  recommended 
to  the  learner,  that  he  applies  the  precepts  given  for  one  front,  to  a  com- 
pleat  polygon  ;  and  fhould  a  frequent  repetition  of  thefe  operations  to 
a  whole  polygon  become  difagreeable,  they  may  be  done  only  on  two 
fronts,  which  may  be  thus  drawn. 

Draw  a  capital  line  al  ;  make  the  angles  lab,  laa,  each  equal  to 
half  the  angle  of  the  polygon ;  and  make  the  fides  ab,  a  a,  each  equal 
to  360  yards.# 

92.  PROBLEM     III. 

To  conjlruft  the  plan  of  a  bajlion.     Plate  XIII.  Fig.  4. 

ift,  Draw  a  capital  line  bk,  and  make  the  angles  mbk,  fek,  each 
equal  to  half  the  flanked  angle. 

2d.  Take  the  lines  bf,  bm,  each  of  the  length  of  the  face. 

3d.  At  the  points  f,  m,  make  the  angles  of  the  moulder  bfh,  bmn. 

4th.  Make  the  lines  fh,  mn,  each  the  length  of  the  flank. 

5th.  At  the  points  h,  n,  make  the  angles  fhg,  mna,  equal  to  the 
angle  of  the  curtin,  and  draw  the  pieces  of  the  curtin  hg,  n  a. 

This  problem  may  be  found  ufeful  on  many  occafions ;  particularly 
when  the  drawings  of  works  in  a  baftion  are  to  be  reprefented  with  that 
baftion  only,  on  a  large  fcale;  therefore  it  was  here  introduced,  more 
efpecially  for  beginners,  who  are  for  the  moft  part  apt  to  be  fomewhat 
puzzled  about  conftrudting  part  of  a  work,  independent  of  the  whole. 

93.  PROBLEM    IV. 

The  mafkr  line  of  a  fortrefs  being  given ;  to  draw  the  plan  of  the  rampart, 
Plate  XIII.     Fig.  5. 

ift.  Draw  the  lines  ag  perpendicular  to  each  face,  flank  and  curtin. 
2d.  In  each  of  the  linens  ag  take  ag  =  24  yards,  ab  z=z  20  yards. 

'     a  c  as    8  yards,  a  d  =    6  yards. 

3d.  Thro' 
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3d.  Thro'  the  points  </,  c,  b,  g,  draw  lines  parallel  to  the  mafter  line  ; 

that  is,  to  each  face,  flank,  and  curtin,  interfec~Hng  one  another. 

Then  the  breadth  of  the  rampart  is  reprefented  by  a  g  s=  24  yards. 

of  the  parapet  by  ad  •=.     6  yards. 

of  the  foot-bank  by  d  c  z=.     2  yards. 

of  the  walk  of  the  rampart     by  c  b  '  —   \1  yards. 

And  of  the  flope  of  the  rampart     by  b  g  —     4  yards. 

The  breadths  of  thefe  parts  of  the  rampart  are  fometimes  different, 
according  to  the  quality  of  the  earth,  or  other  materials  the  work  is  to 
be  built  with. 

Sometimes  the  baftions  are  made  folid  ;  that  is,  the  rampart  fills  up 
the  whole  fpace  contained  within  the  faces,  flanks  and  neck :  The  plans 
of  fuch  are  reprefented  by  continuing  the  pair  of  lines  bg,  forming  the 
inner  flope  of  the  rampart,  againft  the  adjacent  ccfrtins,  till  they  meet 
the  capital  in  the  breaft  of  the  baftion,  as  at  R  :  But  then  this  pair  of 
lines  is  to  be  omitted  againft  the  flanks  and  faces  of  fuch  baftions. 

In  plans  drawn  from  a  large  fcale,  it  is  ufual  to  exprefe  the  outfide 
flope  of  the  rampart  by  a  pair  of  lines ;  that  is,  by  drawing  a  parallel 
to  the  mafter  line  at  about  five  or  fix  feet  diftant  from  it  on  the  out- 
fide. 

The  mafter  line  is  to  be  drawn  the  thickeft;  the  infide  of  the  parapet 
fomething  finer  j  and  the  other  lines  as  fine  as  they  can  be  drawn. 

94.  Before  any  of  the  lines  are  drawn  in  ink  (for  it  fhould  be  re- 
marked that  every  thing  is  fifft  to  be  drawn  in  black  lead  pencil),  let 
the  ramps  be  put  in  the  inner  flope  of  the  rampart  (52) ;  the  embra- 
fures  in  the  parapets  of  the  flanks  (46) ;  the  barbets  in  the  faliant  angles 
of  the  baftions,  fig.  6.  with  their  ramps  (56) ;  and  the  cavaliers,  if  any 
are  to  be,  in  the  folid  baftions,  fig.  7.  with  their  ramp3  and  embrafures 
(58). 

All  thefe  feveral.  parts  being  laid  down  with  black  lead  pencil,  let 
the  lines  be  neatly  drawn  with  Indian  ink,  taking  care  not  to  draw  them 
beyond  their  proper  terminations  ;  for  wherever  fuperfluous  ink  lines  are 
fcraped  off,  thofe  plans  will  never  look  well  when  they  come  to  be  wafhed 
with  any  colour. 

When  the  plan  is  to  be  wafhed,  that  is  coloured,  either  with  tints  of 
Indian  ink  or  other  colours,  leaye  the  lower  line  of  the  inner  flope  of  the 
rampart  in  lead  pencil,  which  will  make  it  appear  fofter  when  the  draw- 
ing is  cleaned  off. 


REM  A  R  K  S. 

95.  In  the  middle  of  baftions,  fig.  8.  it  is  ufual  to  build  magazines 
for  the  ftores  of  powder,  bombs  and  other  fireworks,  and  alfo  to  con- 
tain the  provifion  for  the  troops :  For  in  thefe  places  they  are  not  only 
more  out  of  the  way  of  doing  damage  to  the  town  on  an  accident  of 
blowing  up,  but  they  are  alfo  nearer  at  hand  to  be  tranfported  to  the  fe- 
veral werks.  where  they  m.ay  be  wanted. 

Thc^ 
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Thefe  magazines  are  ufually  built  about  20  yards  long  by  t  2  broad  in 
the  clear,  and  about  8  feet  high  in  the  upright,  befides  the  rife  of  the" 
femicircular  vault :  The  fide  walls  are  about  8  or  9  feet  thick  at  the 
foundations,  and  about  8  at  top  j  the  end  walls  about  5  at  bottom  and 
4  at  top :  And  that  they  may  be  bomb  proof,  the  work  is  about  three 
feet  thick  in  the  reins*,  or  juft  above  the  fpringing  of  the  arch,  and  eight 
or  nine  feet  thick  in  the  crown  or  top ;  this  is  effected  by  building  the 
roof  doping  on  the  outfide,  like  the  roof  of  a  houfe. 

Thefe  buildings  are  fometimes  ftrengthened  on  each  fide  by  five  buttrefTes 
6  feet  by  4 ;  and  in  each  fide  wall,  there  mould  be  left  in  the  folidity  of 
the  wall  five  vent-holes  to  air  the  magazine  :  Thefe  vents  wind  round  a 
kind  of  fhaft  of  about  a  foot  fquare.  In  each  gable  end,  a  fmall  window 
is  made  to  give  light. 

96.  Magazines  may  be  either  in  hollow  or  folid  baftions  ;  taking  care 
in  the  latter  to  leave  an  area  about  their  walls  :  And  altho'  there  are 
thofe  who  would  have  the  magazines  at  the  foot  of  the  rampart  along  the 
curtins,  in  order  (as  they  fay)  that  the  baftion  by  being  left  clejir,  may 
be  difputed  with  the  enemy  inch  by  inch  at  laft  ;  but  as  there  are  very 
few  examples,  fince  the  modern  practice  of  war,  of  fuch  extraordinary 
refolution  in  the  defendants  after  a  breach  is  made,  therefore  the  reafons 
for  having  the  baftions  thus  unincumbered  with  buildings,  are  rather  ideal 
than  real,  and  confequcntly  can  have  but  little  weight :  However,  when 
the  ditch  furnifhes  earth  enough,  or  it  can  be  otherwife  eafily  had,  ft 
has  been  the  practice  of  the  moft  celebrated  engineers  to  make  full  bafti- 
ons, efpecially  if  they  were  fmall  and  had  narrow  necks. 

97.  In  the  faliant  angles  of  baftions,  fig.  7.  fuch  as  the  flanked  angle, 
and  the  angles  0/  the  fhoulders,  it  is  ufrial  to  make  little  centry-boxes  either 
of  wood  or  ftdne,  for  the  centinels  pofted  there  to  fecure  themfelves 
from  the  inclemency  of  the  weather  and  random  fhot  :  They  are  fur- 
nifhed  in  their  fides  with  loopholes,  through  which  may  be  feen  what  is 
doing  in  the  ditch  and  cover  d-way,  and  alfo  to  fire  through  on  occafion. 

The  plans  of  thefe  centry-boxes  may  be  either  fquare,  round,  or  pen- 
tagonal, and  their  floors  are  on  a  level  with  the  walk  of  the  rampart  ; 
their  communication  is  by  a  paflage  of  about  3  feet  wide,  brick'd  on  each 
fide,  cut  through  the  parapet. 

The  centry-boxes  built  of  ftone,  are  ufually  ornamented  with  mould- 
ings, and  the  arms  of  the  prince  or  ftate. 

98.  PROBLEM    V. 

The  majler  line  of  a  fortrefs  being  given,  to  dranv  the  plan  of  the  fofs  and 
efplanade.     Plate  XIII.  Fig.  4. 

ift,  On  the  flanked  angle  b  of  each  baftion,  with  the  radius  bc  equal 
to  the  breadth  of  the  fofs  found  in  the  table,  defcribe  an  arc  cc. 

2d.  Lay  a  ruler  to  touch  each  arc  at  c,  and  the  angle  e  of  the  nearefl 
fhoulder  of  the  next  baftion,  and  in  that  direction  draw  the  lines  cpt 
meeting  one  another  in  p. 

3d.  From  the  flajiked  angle  of  each  baftion,  d/aw  lines  Bf  at  right 
angles  to  c/>. 

4th.  In 
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4'th.  In  each  of  the  lines  b^,  take  co  =  10  yards,  (Fig.  4.) 

c  0  —  12  yards,  and  cq  —  bo  yds* 
5th.  Thro'  the  points  a,  0,  qy  draw  lines  parallel  to  c  p;  meeting  before; 
the  middles  of  the  curtins  at  c  and  /  (Fig.  3.),  and  before  the  flanked 
angles  of  the  baftions  in  v,  x,  y. 

Then  will  bc  repreient  the  breadth  of  the  fofs. 

c  q  of  the  efplanade.   . 

.  c  0  cf  the  cOver'd-wayi 

a  0  of  the  foot -bank. 

0  q  of  the  glacis. 

The  arcs  cc  reprefent  the  rbundings  of  the  fofs. 
The  lines  cp  the  counterfcarp. 

x  e  the  head 


xj,  the  ridges        £  of   h      ^ 

s  t  the  values 


} 


And  y  i  the  foot 

The  head  of  the  glacis  is  to  be  drawn  ftrong,  arid  all  the  other  line* 
are  to  be  fine. 

99.  When  the  plan  is  to  be  wafhed,  if  the  foot  of  the  glacis  be  drawri 
In  lead  pericil  only,  the  termination  of  the  glacis,  or  its  concourfe  with 
the  adjoining  lands,  will  appear  more  (oft  and  neat. 

In  the  colouring  of  the  glacis,  it  is  ufual  firft  to  lay  a  very  light  tint  of 
colour  over  every  plane,  and  then  to  ftrengthen  the  colour  on  every  fe- 
cond  plane,  beginning  at  any  faliant  angle  j  the  ftrongeft  tint  to  be  next 
the  head  of  the  glacis,  and  to  be  warned  gradually  off  ;  fo  that  the  limits 
of  the  lighteft  (hade  fhall  lie  in  a  diagonal  line  front  the  foot  of  the  glacis 
at  a  ridge,  to  the  head  of  the  valley,  as  from  y  to  s. 

Give  a  light  touch  of  the  pencil  or  brum,  with  a  middling  tint  of  In- 
dian ink  along  the  infide  of  the  line,  denoting  the  foot-bank. 

Wafli  the  borders  of  the  ditch  near  the  fcarpe  and  counterfcarp, 
foftning  the  edge  of  the  colour  with  a  brulh  wet  with  fair  water  :  In  wet 
ditches  the  colour  ufed  is  diltilled  verdigreafe  }  but  in  dry  ditches  ufe 
bifter. 

The  parapet  is  generally  coloured  with  a  middling  tint  of  Indian  ink. 

100.  By  this  method  of  drawing  the  counterfcarp,  all  the  fofs  is  fcen 
from  the  flanks,  and  confequently  is  defended  by  them,  arid  miift  be 
more  advantageous  than -if  the  counterfcarp  was  directed,  to  any  other  part 
of  the  flank,  the  intercepted  part  next  the  moulder  being  thereby  ren- 
dered ufelefs  for  the  defence  of  the  ditch  ;  neverthelefs,  if  it  was  on  any 
account  neceflary,  the  direction  of  the  wall  of  the  ditch  may  point  within. 
the  fhoulder  by  the  thicknefs  of  the  parapet  of  the  face,  and  ftill  the  fofs 
would  have  the  whole  defence  of  the  flank. 

101.  Fortifications  in  general  would  be  very  defective  without  fofles  5 
.  for  the  v/all  or  rampart  need  not  be  raifed  fo  high  when  there  is  a  ditch, 
I    as  they  muft  be  without  one,  to  fecuf e  the  place  from  furprizes  by  fcaling, 

€$f.  Neither  is  a  low  wall  fo  much  expofed  as  a  high  one  is  in  the  modern 
1  methods  of  attack  :  Befides,  a  place  is  not  fo  liable  to  the  attempts  of  a 
furprize  with  a  fofs  as  it  would  be  without  one  ;  for  the  enemy,  if  difco- 
vered,  may  eafily  retreat  while  he  is  on  a  level  with  the  country,  which 
he  would  find  feme  difficulty  in  doing  from  the  bottom  of  a  deep  fofs 
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bounded  by  walls  or  banks  nearly  upright :  Add  to  thefe,  that  the  earth 
taken  outof  the  ditch  ferves  to  make  the  ramparts,  parapets,  glacis,  &c. 

102.  It  may  appear  to  fome  perfons,  that  the  broader  and  deeper  a  fofs 
is,  the  better,  as  it  would  throw  mpre  difficulties  in  the  way  of  the  be- 
fiegers  when  they  wanted  to  pafs  it:  But  it  mufi  be  obferved  that  fome 
advantages  are  beft  waved,  when  by  taking  them,  greater  difadvantages 
would  enfue.  For  befide  the  great  expence  that  the  digging  and  remov- 
ing of  fo  much  earth  would  occafion,  the  enemy  niight  fee  the  foot  of 
the  wall  at  a  greater  diftance  in  a  broad  ditch  ;  and  in  a  deep  one,  the 
cannon  of  the  flanks  could  not  dip  low  enough  to  defend  the  bottom. 
And  on  the  whole,  if  the  fofs  by  its  magnitude  ftuniih.ed  more  earth 
than  was  wanted,  fome  inconvenience  might  arife  in  the  difpofmg  of  the 
overplus. 

103.  Thofe  fofles  are  beft  which  can  be  filled  with  water  and  drained 
at  pleafure  by  the  help  of  fluices  or  flood-gates ;  becaufe  all  the  advantages 
that  may  be  reaped  either  from  a  wet  or  dry  fofs,  are  by  thefe  means  ob- 
tained :  But  as  thefe  cannot  be  had  every  where,  the  ditch  muft  be  a- 
dapted  to  the  fituation  of  the  place. 

In  dry  fofles,  a  row  of  palifades  is  fometimes  planted  along  the  middle, 
either  upright,  or  Hoping  towards  the  counterfcarp  208  or  300  from  the 
upright. 

In  fome  dry  fofles,  where  water  can  be  had,  a  trench  called  Cuvette 
nn  (Fig.  12.)  is  dug  along  the  middle,  of  about  15  feet  wide  and  9  feet 
deep,  for  the  water  to  run  in. 

The  breadth  of  the  fofs,  altho'  unequal  in  itfelf,  is  reckoned  from  the 
flanked  angles,  before  which  it  is  always  rounded  ;  the  depth  here  may 
be  from  15  to  20  feet,  and  thence  rife  gradually  to  the  middle  of  thus 
curtin,  where  the  depth  is  4.  or  5  feet  lefs. 


Of  Gates. 

104.  A  Gate  in  a  fortified  place,  is  a  paflage  thro'  the  rampart, 
Which  can  be  fliut  up  or  opened  by  the  mean:;  of  doors  and  a  portcullis. 

105.  A  Portcullis,  is  either  a  Herse  confuting  of  ftrong  pieces 
of  timber  framed  like  a  lattice,  the  lower  ends  of  the  upright  pieces  b( 
Ing  fhod  with  pointed  iron,  and  the  whole  frame  let  down  by  chains  ( 
rones  :  Or  Orgues,  confuting  of  feveral  long  pieces  of  timber  not  franru 
together}  each  hanging  by  its  particular  rope  or  chain,  whofe  ends 
wound  round  a  windlafs  which  lets  them  all  down  together. 

The  ufe  of  a  portcullis  is  to  flop  the  gateway  in  cafe  of  a  furprizej 
and  in  this,  the  orgues  are  by  much  the  beft  contrivance ;  for  a  hcrfe 
may  be  broke  to  pieces  by  a  petard ',  or  by  cannon  (hot:  But  fhould  a 
beam  in  the  orgues  be  ftruck  off"  in  the  middle,  the  upper  part  will  cic- 
fcend  to  fupply  the  place  of  the  part  taken  away. 

Gates  are  either  public  or  private. 

106.  Private  or  Postern  gates,  are  thofe  paiTages  thro'  the 
rampart  by  which  the  troops  can  go  out  of  the  town  unfeen  by  the  ene- 
my, when  they  pafs  to  and  from  the  relief  of  the  duty  in  the  outw.oiks ;  or 
on  any  other  occafion  which  is  to  be  concealed  from  the  befiegcrs. 

j 07.  Pub- 
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107.  Public  gates,  are  thofe  pafTages  thro'  the  middles  of  fuch  cur- 
tins  to  which  the  great  roads  or  public  ways  lead. 

They  are  put  in  the  middles  of  curtins,  as  being  the  beft  defended 
place  in  the  outline  of  the  rampart. 

The  dimenfions  of  a  public  gateway  are  ufually  about  13  or  14  feet  high, 
and  9  or  10  feet  wide,  continued  thro'  the  rampart,  with  proper  recefles 
for  the  foot  paflengers  to  ftand  in  while  the  wheel  carriages  pafs  ori. 
It  is  ufual  to  ornament  the  front  of  the  gateway  on  the  outfide  with 
architecture  either  of  the  Tufcan  or  Doric  order,  and  to  cover  the  paiTage 
with  a  ftrong  vault :  Over  the  vault,  clofe  to  the  town  wall,  is  erected 
■?l  building  of  "about  18  or  20  feet  fquare,  in  which  is  fufpended  the  port- 
cullis; and  on  the  infide  of  the  rampart  there  is  generally  raifed  another 
building,  of  about  100  feet  front  and  30  deep,  and  high  enough  to  con- 
tain one  or  two  floors  of  rooms  for  one  of  the  town-officers,  the  ground 
£oor  ferving  for  guard-rooms  for  the  troops  who  are  on  duty  at  the  gates. 

108.  To  conJlru6i  the  Plan  of  a  gate  with  the  adjoining  buildings.     PI.  XIII. 

*  .    FiS*  9- 

Let  the  line  ac  reprefent  the  thicknefs  of  the  bafe  of  the  rampart,  and 
the  middle  line  of  the  gateway  ;  in  which  take  thefe  meafures  in  feet: 
af—  4.4  •,  fr  =  6  ;  rh.z=.  18  ;  ci  •=.  30;  and  c  m  =  15  :  Thro'  thefe 
point  lines  being  drawn  parallel  to  the  curtin,  takeyW:=  44 ;  fb  =  14  ; 
r g  =  9 ;  c  k  —  1 00 ;  and  kl  =  6  feet,  and  complete  the  figure. 

Then  bg  reprefents  the  plan  of  the  frontifpiece ;  g  h  of  the  portcullis 
room  ;  i  k  of  the  arcade  or  guard -houfe ;  and  Ik  is  the  breadth  of  the 
ftairs  to  afcend  the  rampart. 

The  plan  to  which  thefe  directions  refer  is  on  the  right  hand  fide  of 
the  plate. 

109.  Of  the  difpofition  of  the  Streets  and  Buildings  in  a  Fortrefs. 

When  a  new  town  is  built  and  fortified,  and  all  that  relates  to  the 
rampart  is  fixed  with  regard  to  fituation  and  fize;  then  the  plan  of  the 
ftreets  are  to  be  confidered ;  and  herein,  fome  authors  have  thought  it 
convenient  to  adapt  the  pofition  of  the  ftreets  to  the  climate  the  town 
is  built  in. 

Thus  in  hot  climates,  they  would  have  the  frreets  runNE.  and  SW.; 
NW.  and  SE. ;  for  then  the  ftreets  will  be  fhaded  by  the  houfes  from  the 
mid-day  fun  :  In  this  manner  New  Brifac,  part  of  Malta,  and  fome  ether 
regular  built  towns  are  laid  out.  But  in  cold  climates,  they  advife  to 
place  the  ftreets  fo  as  to  run  north  andfouth,  eaft  and  weft,  in  order 
to  have  as  much  fun  heat  as  can  be. 


IIQ.  To  dhfign  a  Plan  of  the  Jireets  and  buildings. 

About  the  middle  l  of  the  town,  defcribe  a  fquare,  whofe  fides  mail 
be  parallel  to  the  pofition  of  the  ftreets  (already  determined) ;  this  fquare 
is  called  the  great  place  of  arms,  whole  fize  mould  be  proportioned  to 
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that  of  the  town,  and  to  the  number  of  troops  defigned  for  its  defence. 
Thus  in  a  fquare,  make  Ce  fide  of  the  place  of  arms  about  90  yards;  in 
a  pentagon,  -about  100;  a  hexagon,  120;  a  heptagon,  14O;  an  octagon, 
about  160  yards,  cjc.  In  this  place  of  arms  the  troops  parade,  or  are 
gtftembled  -or  their  daily  exercife. 

In  the  continuation  of  each  fide  of  the  fquare,  draw  ftreets  of  about 
JO  yards  wide.;  like  wife  thro'  the  middle  of  each  fide  draw  a  ftreet  of 
about  12  yards  broad;  crgfs  thefe  flreets  perpendicularly  with  others  of 
about  8  yards  wide  ;  make  the  parallel  diftance  of  thefe  crofs  ftreets  about 
40  yards',  and  continue  all  the  lines  to  the  rampart. 

It  is  not  neceflary  that  the  middle  ftreets  going  from  the  great  place  of 
arms  L  mould  terminate  duecUy  againft  the  gate  E,  fig.  9.  But  it  is 
fomiwhat  more  convenient,  when  the  circurnftances  of  the  place  will 
admit  it  to  be  fo. 

Make  ftreets  of  about  10  or  12  yards  wide,  parallel  to  thecurtins,  and 
bounded  on  one  fide  by  the  rampart:  About  15  yards  diftant  from  this 
ftreet,  within,  draw  another  ftreet  of  about  9  yards  wide  :  In  the  fpace 
'H  between'  thefe  two  ftreets,  the  barracks  for  lodging  the  officers  and 
foldiers  are  built ;  and  in  the  ftreet  next  the  rampart,  the  piles  of  fhot 
•and  bombs  are-fometimes  placed. 

The  length  of  the  plan  of  a  barrack  before  a  curtin  is  about  140  or 
180  yards,  and  the  plan  of  a  pavilion  1  for  the  officers  may  be.about 
.25  yards  long  by  10  yards  broad. 

Againft  thofe  curtins  where  the  public  gates  e  are  placed,  the  barracks 
are  difcontinued  for  about  40  yards  on  each  fide  the  gate,  making  there- 
by an  area  of  about  80  yards  long  and  about  36  broad,  ferving' for  a 
leffer  place  of  arms  where  the  guards  of  a  gate  may  draw  up,  in  cafe  of 
a  furprize:  Moreover,  this  area  is  ufeful  for  the  carriages  that  are  going 
out  to  ftop  in,  until  thofe  on  the  bridge  coming  in  have  entered  the 
gate.     In  figures  of  4,  5,  or  6  fides,  this  area  is  lefs. 

The  extremities  1  of  the  barracks  next  the  gates  and  baftions  are  ufu- 
ally  affigned  for  the  officers  pavilions,  being  the  moft  airy  places. 

in.  Of  the  redangular  plats  made  by  the  interfe&ions  of  the  ftreets, 
the  moft  conveniently  fituated  ones  are  to  be  chofe  for  the  public  build- 
ings; fuch  as  the ■  arfenal,  church,  town-houfe,  market,  governor,  and 
for  the  other  chief  officers  in  the  fervice  of  the  ftate  j  and  on  the  remain- 
ing plats,  houfes  are  built  for  the  burghers. 

Befide  the  gnard-houfes  of  the  gates,  there  fhould  be  others  made  on 
the  ramparts  for  thecentinels  appointed  for  the  night  watch  ;  thefe  guard- 
chambers  are  often  placed  at  the  centers  of  the  necks  of  baftions,  when 
in  thofe  places  there  are  no  cavaliers  or  magazines  of  powder  :  They  are 
alfo  well  difpofed,  when  fet  on  the  middles  of  thofe  curtins  where  there 
are  no  public  gates,  efpecially  when  there  is  a  water-gate  thro*  which 
runs  a  canal  or  river. 

The  arfenal  fhould  be  erected  in  a  place  the  leaft  liable  to  accidents 
of  fire ;  and  if  there  is  a  conveniency  of  water  carriage  in  the  town,  the* 
arfenal  fhould  be  placed  as  near  the  water  as  may  be. 

There  are  no  general  rules  to  be  given  for  fixing  the  places  on  which 
the  public  buildings  are  to  be  erecled,  becaufe  the  circurnftances  by  which 
engineers  regulate  their  plans  are  various :    Therefore  in  the  figure  re- 
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ferred  to,  which  is  a  regular  pentagon  fortified  in  the  common  way,  the 
ftreets  and  buildings  are  laid  out- in  imitation  of  their  difpofition  in  New 
Brifac ;  which  being  in  general  efteem,  is  ufually  propofed  as  a  pattern 
for  beginners. 

There  are  many  writers  on  this  fubjecT:,  who  propofe  to  make  the 
great  place  of  arms  or  parade,  fimilar  to  the  figure  of  the  town  when 
regular ;  and  from  the  angles  and  fides  of  this  parade,  draw  ftreets  to  the 
middle  of  the  baftions  and  curtins  :  But  as  this  difpofition  fpoils  moft 
of  the  corner  houfes  in  the  town,  by  making  the  walls  at  oblique  angles 
to  one  another,  it  was  thought  fufficient  to  have  barely  mentioned  fuch 
coniirmStions. 

Of  Bridges. 

112.  The  pafTage  over  the  moats  of  fortified  places  is  by  bridges,  moft 
commonly  made  of  timber,  and  fupported  by  frames  rifing  from  the  bot- 
tom of  the  ditch  :  Such  bridges  are  either  private  or  public. 

Private  bridges  ferve  for  the  eafy  communication  between  the 
outworks. 

Public  bridges,  arethofe  by  which  carriages  and  paflengers  go  over 
when  they  come  into  or  depart  from  the  town  ;  and  fuch  bridges  conlift 
of  two  parts,  namely,  the  fixed  and  moveable. 

The  fixed  or  dormant  parts  of  a  bridge,  are  thofe  parts  which 
are  ftrongly  joined  to  the  fupporting  piers ;  and  are  never  moved  but  ia 
the  cafes  of  repairs,  or  the  danger  of  a  fiege  or  furprize. 

The  Moveable  or  Draw-bridge,  is  a  floor  of  timber  framed  to- 
gether, one  end  of  which  ferves  as  an  axis,  whereby  the  other  end  may 
be  drawn  up  or  let  down  by  fome  eafy  contrivance  :  The  moft  common 
way  is  by  a  kind  of  balance  called  plyers. 

The  Plyers  are  two  timber  leavers  about  twice  the  length  of  the 
bridge  they  lift,  and  joined  together  by  other  timbers  framed  in  the  form 
of  a  St.  Andrew's  crofs,  which  ferves  as  a  counterpoife.  The  plyers  are 
fupported  by  two  upright  jaumbs,  on  which  they  fwing  ;  and  the  draw- 
bridge is  raifed  or  let  down  by  the  means  of  chains  joining  the  ends  of 
the  plyers  and  bridge. 

The  breadth  of  a  public  bridge  is  ufually  about  16  feet,  including  the 
rails  and  footway  of  about  3  feet  on  each  fide :  But  the  breadth  of  the 
draw-bridge  is  only  9  or  10  feet,  and  its  length  about  15  feet. 

The  draw-bridge  is  generally  placed  clofe  to  the  gate,  whether  it  be 
the  gate  of  the  town  or  that  of  an  outwork  ;  and  is  then  by  the  means 
of  the  plyers  drawn  up  againft  the  gate  :  But  when  a  bridge  is  raore  than 
40  yards  long,  it  is  ufual  to  put,  befides  the  draw-bridge  at  the  gate,' 
another  about  the  middle  of  the  bridge. 

113.  To  draw  a  bridge  in  the  Plan  of  a  Fortrefs. 

Before  the  gates  draw  four  lines  acrofs  the  ditch,  making  three  inter* 
vals  or  fpaces,  the  middle  one  being  10  feet  broad,  and  the  fpace  on  each 
fide  three  feet. 

Divide 
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Divide  the  length  of  the  bridge  into  parts  of  about  1 6  feet  long  each, 
to  exprefs  the  diftance  between  pier  and  pier,  or  the  bays  of  building, 
and  againft  each  divifion,  on  the  outfide  of  the  lines,  make  a  fquare  of 
a  foot,  to  exprefs  the  ends  of  the  piers  fupporting  the  bridge. 

Allow  the  bay  next  the  gate  for  a  draw-bridge ;  and  if  the  length  of 
the  bridge  exceeds  40  yards,  allow  the  middle  bay  for  another  draw- 
bridge :  Toefe  are  to  be  diftinguifhed  by  drawing  two  diagonals  acrofs 
the  middle  interval  of  thefe  bays  ;  that  of  the  other  bays  having  lines 
drawn  a'crrofs  them  at  a  foot's  diftance  from  one  another,  and  the  fpace 
on  each  fide  left  white  for  the  footway ;  which  are  to  be  broke  off  at 
each  draw-abridge.     See  figs,  13,  15, 

114.  Of  the  Or i lion  and  Retired  jlank. 

When  the  befiegers  of  a  fortrefs  have  made  a  breach  in  the  face  of  a 
baftion  fufHciently  perfect,  and  have  every  thing  ready  for  the  ftorm, 
they  then  crofs  the  ditch  to  the  attack,  if  the  beficged  will  fuffer  it  to  be 
brought  on  :  In  this  attack,  the  fire  from  the  flanks  is  the  moft  effectual 
defence  ;  and  cannon  placed  there,  loaded  with  grape  or  cafe  fhot,  would 
then  do  great  execution  :  But  of  this  the  befiegers  are  well  aware,  and 
therefore  take  care  beforehand  to  difmount  all  the  cannon  flanking  their 
intended  pailage  of  the  fofs-;  and  as  this  cannot  be  well  prevented  by  the 
befieged,  efpecially  when  the  flanks  are  plain  ones,  feveral  of  the  moft 
eminent  engineers  have  propofed,  and  actually  built  part  of  the  flanks 
j-etired  behind  the  ordinary  limits,  leaving  at  the  (houlder  of  the  baftion 
a  mafs  of  earth,  commonly  called  an  Orillon,  which  is  to  ferve  as  a 
fkreen  between  the  enemy's  direct,  fire  and  a  part  of  the  flank.  In  this 
covered  part  are  referved  one  or  two  cannon,  to  be  ufed  only  in  the  de-» 
fence  of  the  breach  in  the  face  of  the  next  baftion. 

This  notion  of  covering  part  of  the  flank,  is  almoft  as  old  as  the  mo- 
dern method  of  fortification. 


115.    To  conjlrucl  the  Orillon  and  Retired  jlank.     Plate  XIII.  Fig.  1 0. 

1  ft.  At  right  angles  to  the  face  as,  draw  from  the  angle  of  the  moulder 
the  line  s  b  equal  to  8  or  9  yards,  and  make  b  the  centre  of  the  arc, 
s  a  forming  the  orillon. 

2d.  From  a  point  z  in  the  face  of  the  next  baftion,  fig.  6,  about  15 
yards  from  the  point  A,  draw  thro'  a  a  line  z  m  j  in  which,  and  alfo  in 
the  line  of  defence  a  r  produced,  take  the  brifures  or  breaks  am  and  rny 
each  1  o  yards. 

3d.  From  m  and  «,  with  the  radius  zww,  defcribe  arcs  cutting  in  d, 
which  make  the  centre  of  the  arc  m  n,  or  concave  jlank. 

4th.  In  dm  produced  lay  the  feveral  breadths  of  the  parts  of  the  ram- 
part;  as  the  parapet  =  6  yards,  foot-bank  =  2  yards,  walk  12  yards, 
and  the  Hope  ==  4  yards ;  then  from  the  centre  d,  thro'  thofe  points  de- 
fcribe arcs,  meeting  in  the  continuation  of  the  correfponding  lines  from 
the  lace  of  the  next  baftion. 

The 
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The  parapet  of  the  orillon  is  drawn  parallel  tos  flat  6  yards  diftance. 

The  axis  or  middle  line  of  each  embrafure  mould  tend  towards  a 
point  about  the  middle  of  the  fofs  oppofice  the  flanked  angle  of  the  next 
baftion. 

The  wall  in  the  upper  brifure  am,  as  it  cannot  be  battered,  need  not 
be  above  2  or  3  feet  thick  to  fupport  the  earth  behind  it. 

Thro'  this  wall  there  mould  be  a  fally  port  coming  out  at  the  bottom 
of  the  fofs  if  a  dry  one,  or  a  little  above  the  water  line  in  a,  wet  fofs  : 
The  defcent  to  this  port  is  by  a  paffage  under  the  rampart  of  the  flank  j 
but  in  ftrait  flanks,  the  fally  port  is  in  the  curtin  next  the  angle  of  the 
flank,  the  paffage  to  it  being  under  the  rampart  of  the  curtin. 


Il6.  Of  Double  flanks. 

As  the  progrefs  of  the  works  of  the  befiegers  generally  depend  on 
their  having  a  greater  army  than  is  in  the  town  befieged,  and  of  forming 
a  greater  fire  on  the  town  than  they  can  return;  therefore  forne  engi- 
neers have  endeavoured  to  hinder  the  progrefs  of  the  befiegers  batteries, 
by  furniming  the  town  with  an  equivalent,  or  rather  a  fuperior  fire  ;  and 
this  has  been  propofed  to  be  effected,  by  making  fecond  and  third  flanks 
one  behind  another,  gradually  more  elevated  tha.i  thofc  before:  For  as 
it  is  found  convenient  to  filence  the  fire  of  the  £anks,  before  the  be- 
fiegers can  avail  themfelv.es.  of  the  breach  they  make  in  the  face  of  the 
baftion;  therefore  batteries  to  ruin  the  flanks  are  made,  and  play  at  the 
fame  times  as  thofe  for  the  breaches  in  the  fa^es.  Now  the  batteries 
for  the  ruin  of  the  flanks,  can  be  conveniently  mide  only  within  about 
10  yards  of  the  head  of  the  glacis,  and  their  -length-  not  greater  than  a- 
bout  40  yards,  containing  at  moft  about  6  or  7  cannon:  But  if  the  be- 
fieged  can  by  any  artifice  preferve  the  cannon  in  the  oppo'fite  flank,  and 
have  a  greater  number  there  than  are  in  the  battery  oppofcd,  conse- 
quently their  fire  will  be  fuperior,  and  ruin  the  baLtery  intended  to  of- 
fend them ;  and  this  was  expected  to  be  accomplifhed  hy  double,  or 
cazemated flanks. 

In  fome  places  two  or  three  tier  of  cannon  were  placed  one  above  the 
other,  the  upper  ones  being  fupported  by  vaulted  work,  as  in  the  Towet? 
of  London  ;  but  fuch  having  been  found  very  inconvenient,  on  account 
of  the  great  fmother  contained  in  the  vaults,  they  have  been  generally 
conftructed  open. 

The  cazemated  flanks  have  been  condemned  by  many  writers,  be- 
caufe  they  may  be  rendered  ufelefs  by  the  enemy's  bombs  ;  was  this  ob- 
jection juft,  it  would  hold  againft  any  fmall  work;  for  the  befiegers 
having  once  got  the  length  to  any  place,  they  may  be  fuppofed  to  ren- 
der that  place  alfo  ufelefs  to  the  befieged ;  and  it  would  thence  follow, 
that  it  were  beft  not  to  have  any  places  of  defence  :  But  as  the  utility  of 
fuch  works  have  been  commended  by  fome  of  the  mofl  eminent  en- 
gineers, it  was  judged  proper  here  to  mention  how  thefe  flanks  may  be 
conftru£ted. 


SECTION 
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SECTION     V. 

117.  Of  Works  for  the  defence  of  the  Fofs. 

Such  works  are  ufually  called  tenaih,  or  ramjhorns,  or  caponiers. 

A  Ten  ail  is  a  work  raifed  in  the  ditch  before  the  curtin  upon 
the  lines  of  defence. 

A  RamshoRN  is  a  curved  tenail  raifed  in  the  fofs  before  the  flanks^ 
and  prefenting  its  convexity  to  the  covered  way. 

A  Caponiere  is  a  kind  of  covered  way  acrofs  a  dry  ditch  before  the 
middle  of  the  curtin  j  and  limited  between  the  lines  of  defence  and  the 
counterfcarp. 

The  tenaih  never  rife  above  the  common  ground  level,  but  are  fre- 
«5[uently  two  or  three  feet  lower:  They  confift  of  a  rampart  about  36 
yards  thick,  covered  by  a  parapet  of  cannon  proof,  with  one  or  two  foot- 
banks.  Thefe  works  are  placed  at  fuch  a  diftance  from  the  curtins  and 
flanks,  that  the  fplinters  of  ftone  knocked  off  them  by  the  befiegers  can- 
non may  not  hurt  the  troops  pofted  there  to  flank  the  enemy  in  their 
paflage  of  the  fofs ;  and  this  is  their  principal  ufe. 

The  caponiere  is  of  like  ufe,  but  is  ufually  funk  about  two  or  three 
feet  lower  than  the  bottom  of  the  fofs :  It  is  abcut  two  or  three  yards 
broad,  and  is  covered  by  a  parapet  about  fix  feet  high  on  each  fide,  which 
flopes  away  like  a  glacis  about  15  yards  broad.  It  is  frequently  cover- 
ed by  a  roof  made  with  hurdles,  to  fufiain  a  floor  of  earth  about  a  foot 
thick,  and  the  whole  fupported  with  thick  planks  of  mufket  proof,  leav 
ing  convenient  loop-holes  for  the  defendants  to  fire  through. 

1 18.  ¥0   conflrutf  Tenaih.     Plate  XIII 

Firji  fort  with  flanks,  Fig.  11.  Parallel  to  the  curtins  and  flanks,  draw 
the  lines  eg  at  6  yards  diftance*  and  Ee,  g  g,  at  10  yards  diftance: 
From  f,  and  d,  the  middles  of  cc,  ce,  draw  the  flanks  v  f,  trd,  at 
right  angles  to  the  lines  of  defence  A  g,  Be;  draw  the  curtin  df  and 
put  in  the  rampart,  parapet,  and  foot-bank. 

Second  fort,  with  j  aces  only,  Fig.  12.  Take  the  diftances  from  the 
curtin  and  flanks,  the  fame  as  before ;  and  to  the  lines  of  defence  annex 
the  rampart  and  parapet. 

Third  fort,  with  faces  and  curtin,-  Fig.  3.  When  the  lines  of  defence 
crofs  one  another  in  d,  fo  near  the  curtin  that  there  is  not  room  for  the 
thicknefs  of  the  rampart  and  its  diftance  from  the  curtin,  make  the  faces 
n  by  cd,  each  of  -§  of  a  d9  and  draw  the-  curtin  db. 

Iig.  To  conflrucl  a  Caponiere*     Fig.  12. 

From  the  exterior  flanking  angle  d,  draw  a  line  Tip  to  the  angle  of  the 
counterfcarp/*;  on  each  iide  of  up  draw  parallel  lines,  at  the  diftances 
of  ii,  2|-,  and  15  yards  from  up  ;  thefe  lines  being  limited  by  the  lined 
of  defence  and  counterfcarpy  form  the  caponiere^ 

This  work,  which  can  be  ufed  only  in  a  dry  difcrh,  ferVes',  befides  its 
defence  of  the  fofs,  for  a  convenient  paflage  between  the  town  and  its 
outworks  j  and  in  this  cafe  there  ia  ufwailj  1  ^bctilar  e&$»v»tk>*i  made  in 
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the  angle  of  the  counterfcarp,  out  of  which  the  troops  may  defile  with- 
out being  feen  by  the  enemy.  r 

120.  To  conjlrutt  a  Ramjborn.     Plate  XIII.  Fig.  13. 

A  line  d  a  drawn  from  d  the  angle  of  the  fhoulder,  at  right  angles  to 
the  line  of  defence,  its  interferon  a  with  bi,  the  other  line  of  defence 
continued,  gives  the  centre  a  ;  from  which,  with  the  radius  a  d,  defcribe 
the  outline  ac  of  the  ramfhorn,  co  being  equal  to  10  yards ;  and  an- 
nex a  parapet,  foot-bank,  and  walk,  as  in  the  other  tenailles. 

This  work  feems  preferable  to  either  of  the  other  tenailles,  both  on  ac- 
count of  its  fimplicity,  and  the  defence  for  which  it  is  conftru&ed. 


SECTION     VI. 

Of  Outworks. 

ill.  Outworks  are  all  thofe  works  advanced  beyond  the  fofs,  ferv- 
ing  to  augment  the  defence  of  the  town,  to  cover  the  gates,  bridges, 
and  other  weak  parts ;  to  inclofe  thofe  eminences,  not  too  far  diftant, 
which  command  the  town ;  to  furround  and  defend  the  fuburbs,  if  any  ; 
and  in  fine,  to  throw  fo  many  difficulties  in  the  way  of  the  befiegers, 
that  by  the  length  of  the  fiege,  the  enemy  may  wafte  both  his  time  and 
troops ;  befides,  fuch  protraction  frequently  affords  an  opportunity  of 
obliging  him  to  raife  the  fiege,  either  by  the  approach  of  a  relieving 
army,  or  by  the  fetting  in  of  a  feafon  unfit  for  military  bufinefs. 

The  outworks  recorded  by  engineers  are  various,  fuch  as  .ravelins, 
half-moons,  lunets,  counter  gar  ds,  horn-works,  crown-works,  tenails,  and 
feveral  others  :  But  many  of  them  having  been  found  defective,  are  now 
difufed  in  all  new  works  and  alterations ;  and  therefore  thofe  only  which 
are  now  in  mod  efteem  will  be  here  treated  of,  referring  the  more  in- 
quifitive  readers  to  the  writings  of  Mallet,  Dedier,  Le  Blond,  Muller, 
and  others. 

122.  The  conftru&ions  of  outworks  depend  on  much  the  fame  prin- 
ciples as  thofe  of  the  place  itfelf ;  to  which  may  be  added  : 

1  ft.  Every  part  of  an  outwork  ought  to  be  flanked  or  defended  either 
from  fome  neighbouring  work,  or  from  the  town  itfelf;  whereby  the 
enemy  may  not  find  any  place  of  real  fhelter  among  the  outworks,  with- 
out being  at  the  labour  of  throwing  up  a  covering  himfelf. 

2d.  As  the  chief  defence  depends  on  the  mufket,  therefore  the  parts 
mutually  flanking  one  another,  ought  to  be  within  the  ordinary  reach  of 
that  weapon;  that  is,  not  exceeding  about  300  yards. 

3d.  Every  outwork  ought  to  be  commanded  from  the  town  ;  and 
therefore  the  more  advanced  works  are  ever  to  be  the  lowed:.  The  gra- 
dation ufually  obferved  from,  work  to  work  is  about  three  feet ;  that  is, 
the  ramparts  of  ail  works  advanced  before  a  place  gradually  diminiih  three 
feet  in  height  from  the  rampart  of  that  place :  Thus  if  the  town  ram- 
parts are  18  feet  high,  the  rampart  of  the  next  outwork  is  T5  feet  high, 
that  of  the  work  next  advanced  is  12  feet,  and  fo  on;  whereby  the 
more  advanced  outworks  are  commanded  by  thofe  next  within. 

N  n  n  a  4th.  The 
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4-th.  The  Hanked  angle  of  an  outwork  ought  not  to  be  lefs  than  60 
degrees. 

5th.  Each  outwork  fhould  be  fin/rounded  with  a  ditch  communicating 
with  the  fofs  of  the  town  :  When  all  the  ditches  can  be  filled  with  water, 
they  ought  to  be  equally  deep;  but  when  that  cannot  be  obtained,  the 
ditches  of  ou  works  fhould  be  fhallower  than  that  of  the  town,;  whereby 
the  fronts  of  the  outworks  will  be  better  defended  from  the  parts  which 
flank  them.  The  breadths  of  thefe  ditches  are  ufually  from  about  20  to 
24  yards,  and  rounded  at  that  breadth  before  the  faliant  angles,  with 
the  counterfcarps  parallel  to  the  faces  or  outlines  of  the  work  they  en- 
compafs. 

6th.  The  parapets  of  Outworks  are  to  be  equally  ftrong  and  high  with 
thole  of  the  town,  as  they  are  to  be  cannon  proof,  and  to  cover  the  troops 
ported  on  the  ramparts  of  thofe  works  :  So  that  it  is  ufual  to  make  the 
parapets  of  outworks  of  about  18  feet  thick,  6  or  6\  feet  high,  with  a 
foot-bank  4J  feet  lower  than  the  crown  or  crefr  of  the  parapet;  and  the 
walk  of  the  rampart  about  feven  or  eight  yards  broad,  with  a  flope  with- 
in of  about  once  and  a  half  its  height. 

When  the  plan  of  a  fortification  is  to  be  drawn,  in  which  are  out- 
works, the  counterfcarp  of  the  great  fofs  is  to  remain  in  black  lead  pen- 
cil, until  the  outworks  are  annexed  in  pencil  alfo,  with  their  folTes  ; 
then  the  covered  way  and  glacis  are  to  be  drawn  furrounding  the  toffes 
of  all  the  works. 

123.  Of  the  Ravelin.     Plate  XIII.  Figs.  14,  15,  16,  17. 

A  Ravelin  is  a  work  made  before  a  curtin,  ferving  to  cover  it  and 
the  adjoining  flanks  from  the  dire£f.  fire  of  an  enemy  :  It  is  eompofed 
of  two  faces,  ae,  ac  (fig.  14),  and  the  two  demigorges  p  b,  p  c,  taken 
on  the  counterfcarp. 

To  conjirucl  a  Ravelin.  In  a  line  drawn  at  right  angles  to  the  curtin 
thro'  its  middle,  take  the  capital  p  A  equal  to  about  100  yards,  and 
draw  the  faces  ab,  ac,  directed  to  points  in  the  faces  of  the  next  ba- 
ftions,  about  ten  yards  diftancc  from  m,  the  angle  of  the  fhoulder. 

In  this  work  put  a  rampart  of  about  16  or  20  yards,  and  a  parapet 
of  about  fix  yards ;  and  before  the  faces  put  a  fofe  of  about  24  yards 
wide,  rounded  before  the  faliant  angle  a  ;  alfo  annex  ramps  in  the  flope 
of  the  rampart,  and  if  proper,  conltru6t  a  barbet  in  the  faliant  angle. 

The  gorge  of  the  ravelin,  or  the  part  next  the  town  is  left  open, 
without  any  rampart ;  becaufe  the  enemy  cannot  attack  it  there  ;  and 
alfo,  that  it  may  be  entirely  commanded  from  the  ramparts  of  the  town, 

REMARKS. 

124.  It  is  proper  to  make  a  ravelin  before  every  curtin,  as  the  flanks 
are  thereby  covered  from  the  enemy,  and  cannot  well  be  ruined  before 
he  is  mailer  of  the  ravelin  ;  without  which,  he  would  have  it  in  his 
power  to  batter  the  flanks  from  the  counterfcarp,  both  from  before  the 
curtin  and  the  face  of  the  baftion;  the  latter  of  thefe  being  the  only  place 
he  can  do   it  from,  wh.n  a  myelin  »  interpofed,  of  which  he  is  nob 

matter : 
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matter:  But  the  difficulty  of  creeling  a  battery  on  the  head  of  the  glacis 
againft  the  face  of  a  baftion,  is  rather  too  great  to  be  undertaken,  while 
this  place  is  defended  by  the  whole  fire  of  the  adjacent  face  of  the  ra- 
velin j  and  therefore  the  befiegers  can  fcarcely  hurt  the  flanks  before  they 
have  taken  the  ravelin  ;  confequently  fuch  works  greatly  augment  the 
defence  of  a  town. 

125.'  As  the  face  and  fofs  of  a  ravelin  is  defended  by  part  of  the  face 
of  the  oppofite  baftion  ;  therefore  mould  the  faces  of  the  ravelin  be  di- 
rected fomewhat  within  the  angle  of  the  moulder,  at  leaf!  as  much  as  is 
the  breadth  of  the  parapet  and  foot-bank  of  the  flank ;  befides,  by  this 
conftru<5tion  they  more  effectually  cover  the  flanks,  which  is  one  of  the 
principal  things  wanted,  as  the  flanks  are  of  raoft  importance  to  be  pre-; 
ierved  the  longed* 

126.  In  wet  ditches,  where  the  troops  pafs  from  the  town  to  the  ra- 
velin in  boats,  it  is  proper  co  make  in  the  gorge  of  the  ravelin,  a  kind 
of  harbour,  where  the  boats  may  lie  covered  from  the  fire  of  the  enemy  ; 
and  this  may  be  done  various  ways :  One  is,  by  making  an  excavation 
limited  by  an  arc  defcribed  from  A  (fig.  15),  the  angle  of  the  counter- 
fcarp,  with  a  radius  of  about  20  yards.  In  dry  foffes^  it  is  proper  to  have 
either  ramps  or  Hairs  in  the  gorge  of  the  ravelin  to  preferve  a  free  com- 
munication, mould  the  bridges  be  broken  by  the  enemy's  mot. 

•127.  In  fome  ravelins  (fig.  16)  there  is  conftructed  a  kind  of  redout  ^ 
or  KfiEPj  which  is  a  fmall  work  fimilar  to  the  ravelin,  with  a  ditch  of 
about  10  or  1 2  yards  wide  :  The  capital  may  be  about  30  or  40  yards  $ 
and  the  work  covered  in  the  faces  by  a  wall  of  a  foot  or  two  thick, 
furnifhed  with  loop-holes  for  the  mufketry  to  fire  through. 

This  keep  ferves  to  fecure  a  retreat  for  the  troops  who  defend  the  ra-^ 
velin,  and  on  this  account  the  defence  of  the  breach  in  the  ravelin  may 
be  more  obftinately  maintained  ;  and  even  when  the  defendants  are  ob- 
liged to  give  way  to  a  fuperior  force,  they  may,  when  retired  into  the 
keep,  prevent  the  enemy  from  making  a  lodgment  in  the  outward  part  -of 
the  ravelin,  or  at  leaft  greatly  obftrucf.  it .;  and  cannot  be  drove  from 
this  place  until  the  enemy  has  ereited  a  battery,  and  brought  cannon  on 
the  ravelin  to  batter  the  keep. 

The  conftructton  may  be  otherwife  done,  by  taking  on  the  gorge  of 
the  ravelin  the  diftance  ba  equal  to  about  20  yards ;  and  out  of  the  reft 
form  the  keep  with  its  fofs ;  the  fcarp  and  counterfcarp  being  drawn  pa- 
rallel to  the  faces  of  the  ravelin,  whofe  two  fronts  form  a  work  Cover- 
ing the  keep,  and  is  ufually  called  aCountergard. 

128.  The  ravelins,  called  by  fome  authors  half -moons,  have  fome- 
times  their  corners  at  B  and  c,  fig.  14,  cut  off"  either  parallel  to  the  capi- 
tal p  a,  or  at  right  angles  to  the  fofs ;  thereby  making  a  kind  of  flank 
of  about  12  yards  long,  with  its  rampart  and  parapet,  and  ferves  to  give 
a  more  direct  fire  along  the  cover'd  way,  which  they  are  propofed  more 
particularly  to  defend:  But  then  this  partly  lays  open  the  flanks,  which 
the  ravelins  were  originally  intended  to  cover. 

129.  The  celebrated  General  Coehorn,  in  the  ravelins  which  he  built 
at  Bergen  op  zoom,  contrived  a  very  good  defence  for  the  covered  way 
before  the  faces  of  the  baftions,  by  making  retired  flanks  in  the  breafts 
of  the  ravelin,  where  one  or  two  cannon  might  be  placed  as  fecure  from 

•  N  n  n  n  2  th* 
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fae  enemy's  fire,  as  thofe  behind  the  orillon  of  a  baftion.  Thefe  co- 
vered cannon  in  the  ravelin  feem  to  have  been  intended  for  the  defence 
of  the  covered  way  on  the  laft  emergency,  like  as  thofe  in  the  baftion  were 
for  the  defence  of  the  breach  when  the  befiegers  brought  on  the  ftorm  : 
But  the  covered  cannon  in  the  ravelin  feem  to  have  this  preference  ;  that 
as  towns  are  not  ufually  given  up  until  the  enemy  is  mafter  of  the  co- 
ver'd  way,  the  fecreted  guns  in  the  ravelin  have  an  opportunity  of  being 
employed  in  the  ufe  for  which  they  were  placed  there  ;  whereas  the  guns 
covered  way  by  the  orillons  are  very  rarely  of  any  ufe,  as  there  are 
few  garifons  which  ftand  the  ftorm  of  the  breach  in  a  baftion. 

130.  Coehorn's  ravelins  may  be  imitated  by  the  following  conftruc"tion. 
In  the  gorge  of  the  ravelin  take  a  b,  fig.  17,  equal  to  about  20  yards, 
draw  the  flank  b  c  at  right  angles  to  a  b,  make  be  equal  to  about  12  or 
14  yards,  and  draw  the  cover  c d  parallel  to  a b :  To  the  flank  be  an- 
nex a  rampart,  parapet,  embrafures  and  ramp;  and  to  prevent  thefe  flanks 
being  raked  from  the  enemy's  batteries,  particularly  by  the  ricochet,  or 
bounding  fhot,  there  may  be  made  a  traverfe  of  about  10  feet  thick  acrofs 
the  top  of  the  flank  at  c,  with  a  fmall  mine  under  it,  to  blow  up  the  tra- 
verfe when  the  befieged  are  obliged  to  quit  the  ravelin,  left  it  mould  ferve 
to  cover  the  aflailants  from  the  fire  of  the  town. 

Coshorn  has  alfo  made  flanks  at  the  corners  d  of  the  ravelin,  which 
may  be  conftrudted  by  taking  a  n  equal  to  10  yards,  and  drawing  ne  pa- 
rallel to  b  e,  meeting  c  d  in  d\  then  de  is  the  flank  required. 

It  feems  proper,  when  fuch  ravelins  are  ufed,  that  the  faces  fhould 
fpread  on  thofe  of  the  adjoining  baftions  10  or  12  yards  farther  from  the 
angle  of  the  fhoulder,  than  in  ravelins  which  have  no  flanks ;  and  this 
is  done  at  Bergen  op  zoom,  where  the  faces  of  the  ravelins  would  fall  be- 
tween 20  and  30  yards  from  the  angle  of  the  moulder  on  the  faces  of  the 
baftions. 

131.  Of  the  Countergard. 

A  Countergard  is  a  work  generally  ferving  to  cover  the  faces  of 
a  baftion  :  It  is  compofed  of  two  faces,  forming  a  faliant  angle  before  the 
flanked  angle  of  a  baftion. 

To  conjlrucl  it.     Plate  XIII.  Fig.  18. 

Having  defcribed  the  ravelins  and  drawn  their  fofles;  then  in  the 
counterfcarp  of  the  ravelin  take  ab  equal  to  about  24  yards,  and  draw 
the  face  b  c  parallel  to  the  counterfcarp  of  the  fofs  before  the  baftion  j 
and  the  outline  of  the  countergard  will  be  determined ;  the  inner  boun- 
dary being  the  counterfcarp  of  the  grand  fofs. 

In  this  work  put  a  rampart  of  about  16  or  18  yards  broad,  with  a  pa- 
rapet of  fix  yards,  and  annex  the  ramps  and  a  barbet  if  necefTary :  Alfo 
make  a  fofs  of  24  yards  broad,  the  counterfcarp  being  parallel  to  the 
faces. 

The  countergard  feems  to  be,  next  to  the  ravelin,  one  of  the  moft 
ufeful  outworks;  for  it  occupies  but  little  ground,  is  of  no  great  cx- 
pence,  covers  the  faces  of  the  baftion  fo  effectually,  that  they  cannot  be 
Mattered  in  breach  until  the  cnwiy  has  made  himfelf  mafter  of  this  work ; 

and 
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and  when  he  has  it,  he  will  meet  with  difficulties  enough  in  finding  earth 
to  cover  himfelf  and  erect  his  batteries ;  and  muft  therefore  be  at  a  con- 
fiderable  trouble  in  bringing  it  from  beyond  the  fofs,  while  he  is  expofed 
to  the  fire  of  the  faces  of  the  neighbouring  ravelins  j  which,  with  th« 
flanks  of  the  baftions,  are  the  defences  of  the  countergard. 

132.  Of  the  Tenaillon. 

A  Tenaillon  is  a  work  compofed  of  a  ravelin  and  two  detached 
works  called  lunettes^  which  either  partly  or  wholly  cover  the  faces  of 
the  ravelin  from  an  enemy's  direct  fire. 

When  the  detached  works  cover  only  the  lower  part  of  the  faces  of 
the  ravelin,  they  are  called  fmall  lunettes :  But  when  they  cover  the  whole 
faces,  they  are  called  great  lutiettes,  and  this  is  the  work  which  is  here 
meant  by  the  word  tenaillon. 

133.  To  confer uft  a  Tenaillon.     Plate  XIII.    Fig.  19. 

Having  defcribed  the  ravelin  and  its  fofs,  whofe  counterfcarp  is  rt\ 
then  in  the  face  <? /"continued,  take  tv  equal  to  about  60  yards,  and  on 
the  counterfcarp  or  the  grand  fofs  take  r  s  equal  to  25  or  30  yards ;  then 
drawing  s  v,  the  figure  r  svt  is  the  great  lunette ;  to  which  a  rampart, 
parapet,  and  ramps  are  to  be  annexed  againft  its  faces  /  v,  and  branches 
v  s,  of  the  fame  kind  with  thofe  in  the  ravelin. 

134.  A  great  lunette  may  be  considerably  Strengthened  by  making 
acrofs  its  middle,  at  a,  a  retrenchment,  confuting  of  a  rampart,  para- 
pet, and  a  fofs  of  about  fix  or  eight  yards  broad,  and  feven  or  eight  feet 
deep ;  the  parapet  being  drawn  at  right  angles  to  the  counterfcarp  of  the 
ravelin  againft  the  middle  of  its  face  j  and  the  ditch  of  the  retrenchment 
communicating  with  that  of  the  ravelin. 

A  tenaillon  is  a  work  capable  of  affording  a  great  defence  to  the  be- 
fieged,  as  was  evident  at  the  fiege  of  Lille  in  1708,  where  the  befiegers 
were  twice  or  thrice  drove  out  of  a  tenaillon  they  had  taken  and  re- 
taken. 

135.  Of  a  Horn-work. 

A  Horn-work  is  a  fortification  compofed  of  two  long  fides,  called 
branches,  tending  towards  the  town,  and  of  a  front  formed  by  a  curtin 
between  two  half-baftions. 

This  work,  when  ufed,  is  fometimes  put  before  a  baftion,  but  oftner 
againft  a  curtin. 

136.  To  conjlrucl  a  Horn-work  before  a  curtin.    Plate  XIII.  Fig.  20. 

In  a  line  drawn  from  o,  the  angle  of  the  counterfcarp,  at  right  angles 
to  the  curtin,  take  oc  equal  to  about  250  or  260  yards ;  thro'  c  draw 
aa  at  right  angles  to  oc,  and  make  ca,  ca,  each  equal  to  half  oc,  fo 
a  a  is  equal  oc. 
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Take  the  nWrhal  cd  equal  to  \  of  a  A,  thro'  d  draw  the  lines  of  de- 
fence ai  ;  rr&ke  the  faces  ab  equal  to -- ad  ;  transfer  the  diftancc  b£ 
from  B  to  i  ir.  the  Sine  of  defence,  draw  the  flanks  bi  and  curtin  II,  and 
draw  the  h  ?.nc'-e?  a c^  towards  fome  point  in  the  face  of  the  baftion, 
about  8  cr  ic  ya-.V,  from  the  ar.gle  of  the  fhoulder. 

Ao-ainll  the  faces,  flanks,  curtin  and  branches,  put  a  rampart  and 
parapet  as-  in  the  ravelins;  make  a  fofs  of  24  yards  broad  before  the 
flanked  angles  a,  the  counterfcarp  of  the  fofs  in  the  front  being  directed 
towards  b,  the  angle  of  the  (boulder,  and  the  reft  drawn  parallel  to  the 
branches. 

A  frnall  ravelin  is  ufinlly  put  before  the  curtin  of  a  horn-work,  for 
the  fame  ufes  as  that  before  the  curtin  of  the  town  :  Make  the  capital 
CP  about  bo  yards,  draw  the  faces  as  in  the  large  ravelins,  and  make 
a  fofs  of  about  15  or  t&  }a:ds  wide,  whofe  counterfcarp  is  parallel  to 
the  faces  of  the  ravelin,  which  are  to  be  furnifhed  with  a  rampart  and 
parapet. 

137.  Retrenchments  are  fometimes  made  in  the  horn-work  as  in  the 
great  lunette,  and  for  the  fame  reafon,  namsly,  to  increafe  the  difficul- 
ties of  an  enemy  in  a  fiege. 

Alfo  a  ravelin  with  its  fofs  is  made  before  the  curtin  of  the  town,  in- 
dependant  of  the  horn- work  which  it  commands. 

138.  There  is  another  work,  called  a  Crown- work,  whofe  front  con- 
lifts  of  a  whole  baftion,  two  half-baftions,  and  two  curtins,  and  is 
bounded  on  the  Tides  by  two  long  branches  directed  towards  the  town. 
This  work  is  like  two  horn-works  connected  together,  by  their  branches 
being  put  fide  to  fide. 

Horn-works  and  Crown-tuorh  have  been  chiefly  ufed  to  inclofe  fome 
rifing  or  hollow  ground,  or  a  fuburb  ;  but  are  now  in  general  difefteem, 
on  account  that  their  defence  is  very  fmall  in  proportion  to  their  coft, 
a  circumftance  by  which  all  works  fhould  be  partly  rated. 

There  are  feveral  other  works  called  outworks,  which  may  be  found 
in  the  treatifes  wrote  on  Fortification,  but  are  here  omitted  on  account 
of  the  intended  brevity  of  this  work. 


13CJ.  Of  the  Covered  way  and  Glads. 

When  all  the  intended  outworks  are  annexed  to  the  plan,  and  the  fe- 
yeral  foftes  are  drawn,  communicating  one  with  another,  then  the  co- 
vered way  and  glacis  are  to  be  drawn  parallel  to  the  counterit  arps  of  the 
foffes  ;  and  a  foot-bank  is  to  range  quite  round  the  covered  way,  at  the 
foot  of  its  parapet.  The  top  of  this  foot-bank  fhould  be  at  kaft  four 
feet  broad,  that  there  may  be  convenient  room  left  for  the  troops  to  ftand 
on  after  the  palifades  are  planted,  a  row  of  them  being  always  to  run 
quite  round  the  covered  way.  The  manner  of  feiting  them,  as  recom- 
mended by  the  moft  celebrated  engineers,  and  particularly  by  the  great 
Marfhal  Vauban,  the  moft  experienced  man  in  military  works  that  ever 
lived,  is  to  put  the  palifades  on  the  upper  foot-bank  at  about  a  foot  di- 
ftant  from  the  foot  of  the  parapet,  funk  in  the  ground  at  lcaft  three  U  etj- 
afij  their  top  on  a  level  with  the' head  or'  creft  of  the  glacis. 

Paltfideg 
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Palifades  thus  placed  are  not  expofed  to  the  cannon  of  the  befiegers  ' 
the  moft  they  can  do  will  be  only  to  brufh  their  points  :  Neither  can 
they  be  eaiily  jumped  over  by  the  troops  commanded  to  the  attack  of 
the  covered  way,  nor  readily  cut  down  ;  and  their  diPcance  from  the  pa- 
rapet leaves  a  fpace  fufricient  for  men  to  go  along  to  repair  any  diforder. 

140.  Of  Places  of  Arms. 

Places  of  arms  in  the  covered  way,  are  fpaces  made  at  the  entring  and 
faliant  angles,  confiderably  larger  than  the  ftreet  of  the  ccver'd  way,  and  form- 
ed by  turning  the  head  of  the  glacis  into  two  faces  projecting  towards  the 
country  :  Thofe  at  the  faliant  angles  are  formed  by  the  roundings  of  the 
counterfcarp  ;  but  thole  at  the  entring  angles  are  thus  conftrucled.  Plate 
XIII.  fig.  3. 

In  the  head  of  the  glacis  take  the  gorges  co,  co,  from  20  to  30  yards, 
draw  the  faces  o  t,  o  t,  fo  that  the  angles  toa  be  between  90  and  ioo 
degrees  ;  and  parallel  to  thefe  faces  draw  a  glacis  of  about  50  yards. 

The  faces  o  t  of  the  entring  places  of  arms  mould  not  make  angles 
greater  than  100  degrees  with  the  branches  of  the  covered  way  o  <?,  be- 
caufe  thofe  branches  could  not  then  be  defended  fo  well  by  the  mulketry, 
as  when  their  mot  was  delivered  directly  along  the  glacis  nearly  parallel 
to  the  branches,  which  can  only  be  done  when  the  defences  are  nearly 
at  right  angles  to  the  places  defended. 

Some  writers  have  advifed  to  round  all  the  faliant  angles  of  the  places 
of  arms,  becaufe  thofe  anglss  could  then  be  defended  by  more  men  : 
But  perhaps  there  might  be  fome  advantage  in  notching  the  faces  fome- 
what  like  a  redan,  as  mentioned  at  article  69. 

141.  The  great  Coehorn  was  fo  confeious  of  the  advantage  of  places  of 
arms  at  the  entring  angles  for  the  defence  of  the  covered  way,  that  he 
was  very  particular  in  their  defcription,  and  took  fuch  care  in  the  con- 
ftruction  of  thofe  at  Bergen  op  zoom,  that  they  very  well  anfwered  his  de- 
fign,  as  was  evident  in  the  famous  liege  of  this  place  in  the  year  1747. 

Coehorn1  s  places  of.  arms  may  he  thus  imitated. 
Plate  XIII.  fig.21.  where  the  work  is  on  a  larger  fcale  to  be  plainer. 

Take  the  gorges  ah,  ah,  about  45  yards,  and  the  faces  he,  he,  about 
50  or  60  yards :  At  10  yards  diftant  from  the  faces,  draw  the  firfi  lu- 
nette a  with  a  ditch  before  its  faces,  both  together  being  about  ten  or 
twelve  yards  broad,  its  ends  being  terminated  by  the  line  a  h  :  Within 
this  lunette,  at  about  1  o  yards  diftance,  draw  a  fecond  b  of  about  five 
yards  broad,  its  ends  ftretching  to  about  half  way  the  breadth  of  the  co- 
vered way :  Behind  the  ends  of  each  lunette,  at  the  diftance  of  two  or 
three  yards,  put  a  traverfe  of  about  five  yards  thick,  reaching  from  the 
counterfcarp  to  about  two  or  three  yards  farther  than  the  ends  of  the  lu- 
nette :  And  about  the  angle  of  the  counterfcarp  make  a  fcreen  of  about 
fix  yards  in  each  face  and  gorge ;  which  fcreen  is  of  brickwork  with 
loop-holes  for  the  mufketry,  to  favour  the  retreat  of  the  defendants  when 
cjrove  from  their  works  in  this  well-contrived  place  of  arms. 

142.  Of 
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142.  Of  Traverfes  in  the  Covered  way. 

When  the  beficgers  have  pufhed  on  their  approaches  fo  far,  -as  to  be 
within  30  or  40  yards. of  the  head  of  the  glacis,  it  will  be  in  their  power 
to  rake  the  covered  way  from  fome  of  their  batteries ;  to  prevent  which, 
and  alio  to  fnelter  the  troops  in  fome  meafure  from  the  ricochet  or  re- 
bounding foot,  traverfes  are  thrown  acrofs  the  covered  way,  particularly 
on  each  fide  of  every  place  of  arms,  and  in  every  branch  of  the  cover- 
ed way  where  the  length  of  that  branch  exceeds  50  or  60  yards. 

Each  travede  is  furniflied  with  a  foot-bank,  and  a  row  of  palifades 
planted  on  the  foot- bank  ;  and  the  paflage  round  its  end  mould  be  fur- 
niflied with  klinkcts  or  doors,  to  fhut  them  up.  when  necefiary. 

143.  Of  Sally-ways. 

In  the  middle  of  fome  faces  of  the  entring  places  of  arms,  is  made  a 
fally-way,  which  is  a  paflage  cut  thro'  the  parapet,  or  head  of  the  glacis, 
for  to  facilitate  the  fallies  of  the  befieged.  To  make  fally-ways  in  the 
places  of  arms  faliant,  would  be  improper;  becaufe  as  thofe  places  are 
the  moil:  convenient  to  be  firft  attacked,  they  fhould  not  by  any  means 
be  weakened 

1  heie  paliages  are  cut  oblique  to  the  faces  of  the  places  of  arms,  and 
wind  towards  the  faliant  angle  in  fuch  a  manner,  as  not  to  be  eafily  en- 
filaded or  raked  ;  they  rife  gradually  from  the  foot  of  the  parapet,  un- 
til they  meet  the  flope  of  the  glacis  at  the  diftance  of  feven  or  eight 
yards  from  its  head.  The  roads  to  the  town  commonly  pafs  thro'  thefe 
fally-ways ;  every  one  of  which  fhould  be  furnifhed  with  a  good  barrier, 
to  fhut  up  againft  furprizes  and  fudden  attacks, 

ITWO    V 

144.  Of  Communications. 

. 

Every  detached  work  in  a  fortification  fhould  have  a  ready  and  free 
communication  preferved,  otherwife  they  might  be  difadvantageous  to 
the  place. 

Communications  are  preferved  various  ways,  otherwife  than  by  bridges, 
which  are  liable  to  be  deftrdyed  by  the  enemy's  cannon.  In  dry  fofles 
it  is  thus : 

From  the  town  to  the  tenaille,  by  a  fubterraneous  way  under  the  ram- 
part in  the  middle  of  the  curtin  into  the  fofs,  and  rife  thence  by  ramps 
or  flairs  into  the  tenaille :  From  the  tenaille  by  a  fubterraneous  way  in- 
to the  caponier,  and  thence  to  the  ravelin  either  by  ramps,  flairs,  or 
a  timber  flage:  From  the  ravelin  to  the  works  beyond,  the  communica- 
tion is  kept  in  like  manner ;  or  fometimes  a  way  is  funk  acrofs  a  ditch, 
and  covered  with  a  parapet  next  the  enemy  ;  and  the  way  from  the  fofs 
to  the  places  of  arms  is  alfo  by  flairs,  or  by  a  timber  flage. 

Over  wet  ditches,  the  troops  are  conveyed  by  boats  or  rafts,  or  by 
little  bridges  about  three  feet  wide  lying  nearly  level  with  the  water's 
edge ;  but  the  latter  are  inconvenient  in  the  night,  and  much  more  fo 
when  the  defendants  are  obliged  to  quit  the  work  precipitately. 

When 
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When  wet  fofTes  are  to  be  reprefented  !n  plans,  it  is  done  by  giving 
them  a  tint  with  diftilied  verdigreafe  along  the  borders  of  their  fcarps  and 
counterfcarps ;  but  in  printed  plans,  it  is  exprefTed  as  in  the  ditch  of  the 
ravelin  at  fig.  15  ;  and  dry  ditches  are  fhewn  in  coloured  plans,  by  wafh- 
ing  the  faid  borders  with  a  tint  of  brown  bifter  ;  but  in  prints,  dry  fofTes 
are  exprefTed  as  in  the  ditch  of  the  ravelin  at  fig.  14 :  And  a  cuvet  is  re- 
prefented by  a  double  line  drawn  along  the  middle  of  the  fofs,  as  againft 
the  front  bb  of  the  polygon. 

145.  Of  Works  beyond  the  glacis. 

Sometimes,  when  earth  is  wanting  to  raife  the  feveral  works  to  their 
proper  height,  or  when  the  defence  is  to  be  increafed,  a  fofs  of  about  20 
or  25  yards  broad  is  funk  at  the  foot  of  the  glacis,  encompafiing  either 
the  whole  or  fome  convenient  part  thereof :  But  then  it  is  proper  that 
the  glacis  mould  flope  quite  to  the  bottom  of  this  fofs,  if  it  is  a  dry  one, 
or  a  wet  one  which  can  be  drained ;  for  otherwife,  when  the  enemy  comes 
to  be  pofieffed  of  it,  he  would  find  a  trench  ready  dug  to  fcreen  him 
from  the  fire  of  the  covered  way,  and  other  places. 

To  this  advanced  fofs  is  ufually  annexed,  when  it  can  be,  a  covered 
way  and  glacis  \  and  there  are  not  wanting  fortifications  which  have  three 
covered  ways  and  glacis's  one  before  the  other. 

146.  Before  fome  of  the  faliant  angles  of  the  glacis  there  are  fome- 
times  conftructed  a  kind  of  work  called  a  lunet,  or  by  fome  an  arrow. 
It  confifts  ojily  of  a  parapet  and  foot-bank  forming  two  faces,  making  a 
faliant  angle,  whofe  legs  are  parallel  to  the  head  of  the  glacis,  thro'  whofe 
ridge  runs  a  narrow  paiTage  to  the  lunet. 

147.  Sometimes  works  called  redouts  are  conftru&ed  before  the  faliant 
angles ;  fome  of  thefe  works  have  fofTes,  covered  way  and  glacis ;  others 
are  made  to  depend  on  their  own  defence  :  But  to  all  thefe  detached 
works  a  proper  communication  muft  be  preferved  with  the  covered  way, 
and  in  fuch  a  manner  as  not  eafily  to  be  cut  off.  When  this  pafTage  is 
two  or  three  times  as  long  as  the  glacis  is  broad,  the  pafTage  fhould  have 
one  or  more  traverfes  acrofs  it,  to  prevent  its  being  raked ;  alfo,  on  ei- 
ther fide,  it  mould  be  covered  by  a  parapet  and  fmall  glacis. 

148.  Of  Profiles.  ** 

The  Profile  of  a  work  is  a  figure  expreffing  the  feveral  heights, 
depths  and  breadths  of  that  work. 

The  profiles  of  works  are  regulated  according  to  their  ufe,  and  alfo 
according  to  the  quality  of  the  materials  with  which  thpfe  works  are  to 
be  made. 

Thus  the  ramparts  of  the  town  are  ever  thicker  than  thofe  of  out- 
works ;  the  breadth  of  the  parapet  only  remains  nearly  the  fame  in  moft 
works :  Befides,  a  rampart  made  of  good  firm  earth,  need  not  be  fo  thick 
as  one  made  of  loofe  and  fandy  materials :  From  20  to  24  yards  will 
do  in  the  former  cafe ;  but  lefs  than  25  or  30  yards  will  not  fuffice  with 
poor  earth. 

O  o  o  o  Profiles 
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Profiles  ;are  alfo  regulated  with  regard  to  the  expence  intended  to  be 
beftowed  on  the  works ;  that  is,  according  to  the  outiide  coating  or  wall- 
ing of  the  rampart  and  parapet,  namely,  whether  it  be  done  with  earth  or 
inure  mafonry,  or  half  one  and  half  the  other. 

140,.  When  a  work  of  earth  is  raiTed,  and  the  furface  is  covered  or 
plaiftered  with  a  tenacious  Jubilance  made  of  well-tempered  earth  or  loam  j 
.-£his  coating  or  plaiftering  is -called  placcage  or  crujibig. 

And  when  the  furface  is  covered  with  grafs  turf,  or,  as  it  is  moft  com- 
mon, with  clods  of  fat  mould  cut  in  the  form  of  wedges,  and  called  ga- 
zons  or  fods  :  This  kind  of  coating  is  called  gazonage  or  fodding. 

150.  When  the  whole  front  of  a  work,  from  the  bottom  of  the  fofs 
to  the  crown  of  the  parapet,  is  covered  or  fronted  with  a  wall  of  ftone  or 
brick :  This  kind  of  work  is  called  intire  mafonry. 

151.  When  the  front  of  the  rampart,  from  the  bottom  of  the  fofs  to 
the  horizontal  line,  or  ground  level,  or  a  little  higher,  is  fronted  with 
3  wall  of  brick  or  ftone,  and  the  remaining  part  of  the  front  is  coated 
with  earth  j  then  this  work  is  called  half  mafonry. 

- 

Conflruttion  of  Profiles. 

152.  When  the  works  are  coated  with  earth.     Plate  XIII.  Fig.  22. 
Let  a HEQ  reprefent  the  horizontal,  or  ground  line,  taken  thro'  the 
e  of  a-  bairion,  and  acrofs  the  fofs,  and   thro'  the  cover'd  way   and 

lacis  :  In  this  line  take  the  following  meafures  ;  namely, 
ar  r=  2  or  3  yards  ;  R  c  ■=.  10  yards  j    cd  ==  6  feet ;  de  =  \\  feet ; 
.  eg  =  1 8  or  20  ryflt ;  ga  ■=.  12  or  14  feet ;  ah  =  9  feet ;  h  /  =  1 2  feet  j 
I  in  •=.  breadth  of  fofs ;  m  L  =  12  feet  ;  lm  z=z  5  yards ;  up  :=  7  [  feet  j 

^%T5.°uyardS-  ,  j         r 

I  hro  the  points  R,  c,  d,  e,  g,  /,  m,  M,  />,  draw  lines  perpendicular 

*°tA(^    r    i-  1  ,riW  li  tn3vi2  vbc-j  ,  I       r  , 

In  thele  lines  take  RB  =  2  or  3  yards  ;    c  c  =  RB  -f-  2  feet;    d e  = 

fC  +  i~  feet ;    e  v  =  d  e  -f-  \\  feet ;   g  G  =  c  F  —  2\  feet ;    /  1  = 

18  hct ;  ra  k  =  18  feet ;   m  0  =  2  feet ;  p  p  z=  8  feet. 

Draw  the  lines  ar,  bc,  ef,  FG,  G<?,  hi,  kl,  l  0,  pq^,  Then  draw 
ED  parallel  to  ah,  and  equal  to  3  feet,  and  draw  DC;  alfo  difpofe  of 
the  fpace  between  q  and  p,  in  like  manner  as  between  c  and  f. 

Then  will  the  feveral  parts  of  the  profile  be  compleated,  and  repre- 
fented ;  namely,  ba  the  inner,  and  g  a  the  outfide,  flopes  of  the  ram- 
part, whofe  walk  is  bc  ;  fe  the  infide,  and  fg  the  crown  of  the  para- 
pet ;  cd  the  flope,  and  de  the  top  of  the  footbank;  a  H  the  berm  or 
.  foreland  ;  hi  the  fcarp,  kl  the  counterfcarp,  and  IK,  the  bottom,  of  the 
ditch;  lm  the  cover'd  way;  on  the  flope,  and  no  the  top,  of  the  foot- 
bank  ;  op  the  infide  of  the  parapet,  and  po^the  flope  of  the  glacis. 

The  palifadcs  i  are  put  on  the  top  no  of  the  footbank. 
153.  In  ramparts  coated  with  earth,  it  is  ufual  to  fet  a  row  of  pah'- 
fades  in  the  front  of  the  rampar{,  as  at  />,  about  5  or  6  feet  below  the 
crown  of  the  parapet.  Thefe  are  not  planted  upright,  but  nearly  hori- 
zontal, the  point  dripping  a  little  below  the  level;  and  this  work, 
which  is  calkd //-c?//;.7g  or  jhecage,  is. done  to  prevent  furprizes  by  fcai- 
ing,  and  alfo  to  hinder  defcitions. 
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154.  In  moft  ramparts  coated  with  earth,  whether  of  the  town  or 
outworks,  it  is  ufual  to  plant  on  the  berm,  either  a  row  of  upright  pali- 
fades,  as  at  fi  or  a  quick-fet  hedge  of  thorn,  which  fhotild  be  kept  con- 
ftantly  cut,  to  make  it  grow  thick :  Either  of  thefe  methods  ferve  to 
Cover  the  troops  in  going  their  rounds.  Sometimes  both  palifades  and 
hedge  are  ufed,  the  hedge  ftanding  foremoft. 

The  faliant  angles  of  all  earth  works  fhould  be  rounded  off;  otherwife 
the  weather  would  foon  deflroy  the  angular  edges,  and  make  them  look 

worfe  than  the  other  parts.     .  " "  . 

c  :  1105 

155.  When  the  coating  of  the  work  is  intire  mafonry.     Fig.  23. 

Having  determined  all  the  parts  thro'  the  rampart  to  the  line  g  g,  as  at 
art.  152  ;  in  eg  take  gi  =  3  or  4  feet,  for  the  upright  face  of  the  pa- 
rapet; on  1,  with  the  radius  of  one  foot,  defcribe  a  iemicircle  repre- 
fenting  the  cordon,  which  is  a  large  femicircular  moulding  that  ranges 
along  the  whole  front;  take^r  equal  to  18  feet,  and  draw  rest  parallel 
to  the  ground  line,  and  this  reprefents  the  bottom  of  the  fofs :  Take  r  c 
and  its  parallel  1  a,  each  equal  to  5  feet;  draw  the  fcarp  ic,  and  draw 
lab  parallel  to  g  gy  which  continue  to  about  6  feet  below  re,  and  this 
line  reprefents  the  back  of  the  wall ;  thro'  b  draw  a  line  bdtnn  parallel 
to  the  ground  line*  and  this  reprefents  the  bottom  line  of  the  foundati- 
ons, which  is  ufually  about  6  feet  below  the  bottoms  of  the  foffes,  tho* 
in  fome  cafes  it  muft  be  more  ;  and  let  the  foundation  line  b  d  project 
about  2  feet  before  the  fcarp  line  1  c  :  Draw  a  line  about  3  feet  behind  the 
front  line  of  the  parapet  gi,  parallel  to  it,  and  the  front  wall  of  the  pa- 
rapet will  be  thereby  reprefented  ;  to  which  muft  be  annexed,  at  g,  a 
little  projection,  of  about  6  inches  in  fally  and  height,  to  exprefs  the 
coving  ftone,  and  the  outlines  of  the  profile  of  the  rampart  will  be 
compleated. 

156.  From  the  directions  already  given,  it  will  be  eafy  to  conceive 
how  to  regulate  the  profiles  of  outworks,  whether  they  are  to  be  fronted 
with  turf  or  mafonry;  and  according  to  art.  155,  were  the  other  pro- 
files of  the  mafonry  annexed  in  the  figures  24  and  25 ;  that  of  24  being 
a  tenail  before  the  curtin,  whereof  no  more  than  the  parapet  rifes  above 
the  ground  level ;  and  confequently  the  walls  to  fupport  this  work  need 
not  be  fo  thick  as  thofe  are  "which  fuftain  the  lateral  thruft  of  higher 
banks;  and  for  the  fame  reafon,  the  counterfcarp  walls  are  of  a  lefs 
ftrength.  In  the  ravelin,  fig.  25,  the  frontrs  half  mafonry,  or  the  wall- 
ing is  carried  up  to  the  ground  level,  and  the  front  of  the  rampart  and 
parapet  is  fuppofed  to  be  coated  with  earth ;  but  the  walling  in  this  cafe 
fhould  project,  about  2  or  3  feet  before  the  foot  of  the  rampart,  in  order 
to  preferve  a /proper  berm. 

157.-  The  walks  of  all  ramparts,  and"  arfo  ine  :cover'd  way,  fhould 
dope  backwards,  in  order  to  carry  off  the  rain  ;  this  Hoping  may  be 
about  half  an  inch,  or  an  inch  in  a  foot. 

158.  The  fcarping  ufually  given  to  ■■earth'  facings,  is  about  8  inches 
on  12,  or  the  bafe  of  the  flope  is  |  of  the  height;  and  the  fcarping  ge- 
nerally allowed  to  fronts  of  raafonry  is  about  i  or  |  of  its  height;  and 
with  regard  to  the  thicknefs  of  the  walls,  Mr. Vauban  ufually  allowed 
about  5  feet  at  top,  and  gradually  thickned  towards  the  bottom  by  their 
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fcarping  of  l  foot  in  5  of  height  ;  and  this  profile  he  has  experimented 
in  the  works  of  150  towns,  wherein  he  has  directed  the  building  of 
more  than  4000000  of  cubic  yards  of  walling:  But  in  order  to  add  a 
greater  ftrength  to  his  walls,  he  puts,  at  the  d  Ufa  nee  of  18  feet  on  the 
infide,  buttreffes  built  of  rough  ftone,  whole  length  was  about  the  thick- 
iiefs  of  the  wall  at  bottom,  and  their  breadth,  on  a  mean,  about  half 
the  length  ;  and  thefe  buttreffes  being  carried  up  as  high  as  the  cordon, 
greatly  contributed  to  take  off  the  thruft  of  the  bank  againft  the  wall. 

159.  At  the  flanked  angles  of  baftions,  and  other  works,  die  parapet 
fhould  rife  about  a  foot  or  two  higher  for  about  12  or  14  yards  on  either 
fide  the  angle,  than  along  the  reft  of  the  faces  ;  and  the  fame  fhould  be 
obferved  for  about  4  or  5  yards  on  each  fide  of  the  more  expofed  fali- 
ant  angles  of  the  cover'd  way  :  For  by  thefe  means,  the  troops  ranged 
along  thofe  faces  will  be  fomewhat  better  defended  from  the  ricochet,  or 
bounding  fhot. 

•  v  rlignai 
1 60.  Of  Irregular  fortification. 

When  a  town  or  other  place  is  to  be  fortified,  it  generally  happens 
that  the  polygon  which  beft  circumfcribes  its  plan  will  be  very  irregular, 
and  consequently  the  fortifying  of  that  polygon  will  not  fall  under  the 
rules  already  given  for  regular  for:ification  :  It  is  therefore  proper  to 
point  out  to  a  learner  how  he  may  proceed  on  fuch  occafions. 

161.  Let  the  plan  of  the  place  be  circumfcribed,  if  poffible,  by  a  po- 
lygon, whofe  angles  are  all  faliant,  none  lefs  than  60  degrees,  nor 
greater  than  100;  and  neither  of  the  fides  lefs  than  200  yards,  nor 
greater  than  350:  This  polygon,  which  is  to  be  the  interior  one,  fhould 
have  its  fides  not  lefs  diftant  from  the  houfes  than  50  yards ;  and  the 
fortification  is  to  be  made  from  the  interior  fide. 

Thro'  every  angle  of  the  polygon  draw  a  line  bifecYing  it;  and  on 
thefe  lines,  continued  without  the  polygon,  lay  from  the  angular  points, 
the  capitals  (in  the  table,  art.  86)  of  thofe  polygons,  whofe  angles  are 
neareff.  to  the  angles  in  the  given  irregular  polygon:  Alio  on  each  fide 
of  the  capital,  from  the  faid  angles,  lay  on  the  fides  of  the  polygon  the 
demi-gorges  correfponding  to  the  capitals  ufed. 

Then  the  lines  of  defence  being  drawn,  and  the  correfponding  faces 
laid  thereon,  the  majler  line  of  the  fortification  to  the  given  irregular 
polygon  may  be  readily  compleatcd  (as  in  art.  91);  to  which  the  ram- 
part, fofs,  and  proper  outworks  may  be  annexed,  as  before  fhewn. 

162.  In  the  circumfcribing  of  the  given  place  with  a  polygon  proper 
to  it,  fhould  it  fo  happen  that  the  fides,  when  drawn  at  the  diffance  of 
50  yards  from  the  houfes,  make  a  polygon  very  different  from  that  above 
directed  ;  then  fhould  the  pofitions  and  lengths  of  all  thofe  lines,  or  of 
fome  of  them,  be  changed,  and  tried  various  ways,  when  the  fituation 
will  admit  of  thofe  various  trials,  until  one  is  fitted  to  the  place  that 
will  come  near  the  forefaid  limits  ;  notwithffanding  the  fides  fhould,  in 
fome  places,  run  many  more  yards  from  the  houfes  than  50,  and  a  fpacc 
of  ground  greater  than  the  firft  propofed  fpot  mould  be  included  within 
the  polygon  :  For  although  by  thefe  means  the  fortification  will  be 
more  extended,  and  thereby  incur  a  greater  expence  both  in  building  and 
defending;  yet  as  it  will,  by  its  nearer  approach  to  regularity,  be  ftronger 
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In  itfelf,  and  thereby  more  effectually  anfwer  the  end  of  fortifying,  the 
latter  considerations  may  on  fome  accounts  be  preferred  to  theformer. 

163.  It  mould  be  obferved,  that  regularity  is  not  Strictly  confined  to 
fuch  polygons  only  as  can  be  circumfcribed  by  a  circle,  or  nearly  fo  ;  for 
a  polygon  infcribed  in  an  oval  kind  of  figure  will  have  a  great  regularity, 
and  may  be  made  pretty  nearly  equally  Strong,  by  putting  the  Stronger  kind 
of  outworks  at  the  narrow  ends :  For  as  thefe  ends,  on  account  of  their 
fmall  breadth,  in  proportion  to  the  longer  fides,  cannot  flank  the  ap- 
proaches of  an  enemy  fo  well  as  the  longer  fides,  and  the  enemy  thereby 
not  neceffkated  to  extend  his  works ;  confequently  the  fmaller  ends  may 
be  more  advantageouily  attacked,  and  therefore  mould  have  their  out- 
works of  the  Stronger  fort. 

164.  If  the  Situation  is  fuch,  that  one  or  more  of  the  fides  of  the  cir- 
cumfcribing  polygon  cannot  by  any  eafy  means  be  made  lefs  than  400  yards 
or  more  ;  then  mould  fuch  fides  be  divided  into  parts  of  fome  number  of 
yards,  between  200  and  350,  as  many  as  its  length  will  admit  of,  which 
may  then  be  confidered  as  compofed  of  fo  many  polygonal  fides:  At 
every  divifion,  make  fuch  a  baftion  as  the  limits  will  admit,  taking  care  that 
the  faces  of  each  are  commanded  by  the  adjacent  flanks  of  the  next  baftions. 

165.  When  any  of  the  angles  become  too  acute  to  make  in  that  place  a 
whole  baftion,  the  angle  may  be  diminished  only  on  one  fide,  making  there 
a  half  baftion,  and  let  the  other  fide  be  either  left  as  one  line,  or  make  in 
it  two  or  three  fmall  flanks,  in  the  nature  of  a  redan  (71) ;  obferving  that 
the  whole  front  is  commanded  by  the  flank  of  the  next  baftion  :  Or  mould, 
the  angle  be  too  fmall  even  for  a  half  baftion,  then  both  fides  may  be  fortified 
in  the  manner  of  redans,  and  commanded  from  the  flanks  of  the  next  ba- 
ftions :  But  in  the  cafe  of  thefe  acute  angles,  the  angular  point  Should  be 
made  very  folid,  and  the  fides  about  fuch  angle  fhorter  than  the  others. 

166.  Should  the  polygon  have  one  or  more  entring  angles  which  cannot 
be  avoided  ;  when  that  angle  is  near  90  degrees,  and  the  adjacent  fides  do 
not  each  exceed  250  yards ;  thofe  fides,  with  the  afuftance  of  the  flanks 
of  the  next  baftions,  will  very  well  defend  one  another,  and  alfo  the  en- 
tring angle :  But  fhould  the  angle  exceed  120  degrees,  then  put  againft 
that  angle  a  work  like  a  baftion,  if  it  can  be  \  or  if  there  is  not  room  for 
the  projection  of  the  flanked  angle,  make  but  one  face,  obferving  that  it 
be  raked  from  one  of  the  adjacent  flanks.  ,       .  ■    .<  | 

167.  Where  a  town  has  been  fortified  in  the  ancient  manner,,  and  has  al- 
ready a  good  rampart  and  fofs,  fuch  a  town  may  be  put  into  a  good  ftate 
of  defence  againft  the  modern  methods  of  attack,  by  adding  outworks  fo 
difpofed  as  to  cover  the  town  wall,  be  mutually  defended  by  one  another, 
and  commanded  from  the  ramparts  of  the  town ;  fuch  a  place,  with  the 
outworks  judicioufiy  difpofed,  may  hold  out  as  many  days  as  a  place  form- 
ed on  a  regular  plan  ;  which  has  been  evinced  from  the  good  defence  made 
by  feveral  towns  fortified  in  this  manner.  b/s  lliw 

168.  There  are  a  multitude  of  other  things  that  might  be  faid  on  the 
bufinefs  of  irregular  fortification,  which,  on  account  of  the  defigned  bre- 
vity of  this  tra#,  muft  be  omitted :  But  after  all,  the  belt  notions  i&re 
acquired  in  thefe  matters  from  Studying  the  plans  of  the. fortified  SHjvgtfjin 
feveral  parts  of _ the  world.  Colle&icus  of  thefe  p!an>  rP»y  be  m-:t  with 
at  moft  print  Shops©-!  oj  rbsoiqqs  i^m-aa  eJi  yd  <lliw  Ji  as  *'->'(  sgnibnafob. 
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PART      II. 

Of  Manne  Fortifications. 

SECTION    I. 

Of  the  kinds  and  properties  of  Harbours. 

169.  A  Harbour  orPorir  is  a  hollow  cavity  in  the  land,  into  which 
the  fea  runs  with  a  depth  of  water  fufficient  to  float  fhips  or  other  vefTels' 
capable  of  performing  voyages  on  the  ocean,  and  where  fuch  vefTels  may 
lie  fecured  from  the  temperts  of  the  fea. 

As  harbours  may  be  of  very  different  forms,  fo  there  may  be  a  multitude 
of  ways  propofed  for  their  defence  :  But  herein  the  bufinefs  will  be  con- 
fined to  a  few  of  the  more  common  fituations. 

Harbours  in  general  may  be  diftingurfhed  into  two  kinds,  namely, 
artificial  and  natural. 

170.  Artificial  harbours  are  fuch  inlets  of  the  coaff,  as  are  rendered 
fafe  for  (hipping  to  ride  there,  by  building  about  its  entrance  certain 
works  called  Moles  or  Piers,  which  defend  the  fhips  Within  from  the 
furges  of  the  fea  without :  And  when  the  moles  or  piers  can  be  brought  fo 
clofe,  as  to  be  fhut  up  by  fluices  or  gates,  the  harbour  is  then  called  a 
Bason  :  But  the  inner  part  of  a  harbour,  where  the  fhips  ride  in  flill 
water,  is  ufually  called  the  bafon. 

All  artificial  ports  of  thefe  kinds,  are  eafily  fortified  by  building  on  the 
moles  or  piers  either  batteries,  redouts  or  forts,  which  command  the  en- 
trance into  the  harbour  :  And  as  thefe  works  are  ufually  done  at  the  time 
when  the  moles  are  made,  there  need  no  more  be  faid  of  therh  in  this  work. 

171.  Natural  harbours  are  thofe  where  the  natural  difpofition  of  the 
land  forming  them,  is  fuch  a$  contributes  to  the  fafety  of  the  fhipping 
therein,  by  flickering  the  vefTels  from  the  fury  of  the  fea  j  and  this  hap- 
pens in  various  manners,  fuch  as  a  fhoal  lying  off  the  harbour's  entrance, 
which  breaks  the  waves,  and  thereby  keeps  the  water  ftill  within  ;  or  by 
the  points  of  land  forming  the  harbour,  ff  retching  rhemfelves  fo  far  into 
the  fea,  and  coming  fo  near  to  one  another,  that  the  furges  are  broke  at 
their  entrance  ;  or  by  a  narrow  inlet  that  runs  into  the  land  for  a  confid- 
erable  way,  and  where  the  fhores  near  the  entrance  receiving  the  fhock  of* 
the  waves,  renders  the  upper  parts  fmooth  enough  to  anchor  in,  of  which 
kind  are  navigable  rivers  ;  or  by  a  large  deep  bay,  wherein  iflands,  of 
other  obftruiftions,  contribute  to  render  a  part  fecure  for  the  riding  of 
fhips  at  anchor,  fcf<r.  &c. 

r72.  The  properties  of  a  good  harbour,  are,  a  fufficient  depth  of  water 
for  large  fhips  to  enter  at  any  time,  whether  the  tide  be  in  or  out ;  good 
offing,  and  an  eafy  accefs  out  of  all  danger  from  the  winds ;  free  entrance, 
without  rock  or  fand  bank;  the  entrance  not  too  wide  to  be  eafily  barred 
and  defended  upon  occafion  ;  not  fubjedt  to  overflow,  and  where  fhips 
may  lie  clofe  to  the  keys ;  where  the  vefTels  are  fheltered  from  all  winds 
by  the  high  mountains' furrounding  the  harbour,  and  from  whence  there 
is  an  extended  view  of  the  fea  ;  laftly,  that  the  fhipping  therein  be  out  of 
all  danger,  either  from  being  fet  on  fire,  bombarded,  or  cannonaded  from 
fea  by  the  fhips  of  an  enemy. 
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173.  There  are  many  places  in  which  fhips  anchor,  that  lie  open  to  th$ 
fea,  and  are  only  fafe  to  ride  in  when  the  weather  is  calm,  or  when  par- 
ticular winds  blow;  fuch  anchoring  places  are  called  roads. 


SECTION    II. 

Of  the  fortifying  of 

174.  First  sort.  TVhen  a  town  lies  open  to  the  fea  upon  a  curved  ep 
Jirait  hold  Jhore,  and  has  before  it  a  fuffcient  depth  of  water  and  good  an- 
chorage :  As  fuch  places  can  afford  ihelter  for  fhipping,  only  at  certain 
times  of  the  year,  when  they  are  generally  fure  to  have  calm  weather, 
or  gentle  gales,  in  which  vefTels  may  fafely  ride  at  anchor,  they  cannot 
fo  well  be  fecured  from  the  attacks  of  an  enemy,  as  in  places  more  in- 
elofed:  However,  the  {hipping  lying  there  during  the  feafon  of  trade, 
may  be  well  defended  by  forts  built  near  the  water's  edge  on  each  fide  of 
the  anchoring  place ;  fuch  forts  being  fo  contrived  as  to  have  two  or  three 
batteries  one  higher  than  the  other,  and  thefe  furnifh'd  with  many  cannon, 
carrying  mot  from  24  to  48  pounds,  will  ^we  the  mips  of  an  enemy  in 
general  from  undertaking  any  thing  againft  the  vefTels  that  are  riding  in 
that  road.  j-J: 

175.  But  in  order  to  defend  the  town  itfelf,  there  fhould  be  a  rampart 
or  wall,  well  flanged,  built  along  the  fhore,  befide  the  fortifications  on 
the  land  fide.  The  works  along  the  more  mould  be  carried  fo  near  to 
the  water's  edge,  that  were  any  troops  to  land  under  the  cannon  of  a  fleet, 
they  might  not  find  any  ground  to  intrench  themfelves  on. 

176.  Forts  built  on  a  bold  fhore,  to  which  fhips  of  war  can  come 
within  mufket  fhot,  are  in  general  liable  to  be  eafily  taken,  unlefs  fome 
precautions  are  ufed:  For  as  the  batteries  on  fhore  are  feldom  raifed 
much  above  the  water's  level,  in  order  to  be  more  certain  of  their  mark ; 
the  troops  pofted  at  the  guns  are  liable  to  be  commanded  by  the  marines 
quartered  in  the  round  tops,  and  other  elevated  parts  of  the  mips:  How- 
ever, this  may  be  prevented,  either  by  driving  feveral  rows  of  piles  (which 
are  long  pieces  of  timber,  or  the  bodies  of  trees,  pointed,  and  fhod  with 
iron  at  one  end  when  neceilary)  in  the  water  before  the  fort,  whereby  the 
fhipping  cannot  approach  it ;  or  by  fixing  along  the  battery  a  kind  of  Jbed 
made  with  planks  of  mufket  proof,  and  covered  with  raw  hides  or  earth, 
that  they  cannot  be  fet  on  fire  by  combuftibles  thrown  from  the  fhips : 
Thefe  fheds  are  not  only  convenient  to  preferve  the  troops  pofted  at  the 
guns  from  mufket  fhot,  during  the  time  of  an  attack,  but  they  would 
alfo  preferve  the  cannon  and  carriages  from  the  weather  at  all  times  ;  for 
the  expence  of  a  few  rough  planks,  ufed  now  and  then  to  repair  fuch 
iheds,  added  to  the  firft  coft,  might  perhaps,  in  a  length  of  time,  be 
found  of  lefs  expence  than  the  gun  carriages  they  would  preferve  ;  and 
fhould  it  turn  out  otherwife,  the  framing  ^nd  planks  might  be  prepared  in 
time  of  peace,  and  fet  up  only  when  there  are  apprehenfions  of  an  at- 
tack ;  but  it  fhould  be  obferved  to  fix  them  fo,  as  to  be  the  leaft  expofed 
to  the  cannon  from  the  fhips.  In  fuch  fheds,  as  they  would  be  open  be- 
hind, the  fmoak  would  be  foon  diflipated,  and  might  be  fboner  thrown 
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off  by  making  holes  in  the  fhed  over  every  gun ;  which  holes  may  be 
covered  by  a  fhort  plank  raifed  before  them. 

177.  Second  sort.  When  a  harbour ',  being  a  bay,  has  a  Jhoal  or  fmall 
ifland  lying  before  its  entrance:  Such  a  place  is  fortified  by  building  a 
ftrong  fort  on  the  ifland,  in  a  place  where  it  can  command  the  entrance 
on  both  fides,  when  the  fize  of  the  ifland  is  not  too  large  for  this  pur- 
pofe  :  But  when  the  mouth  of  the  harbour,  and  the  extent  of  the  ifland, 
is  too  large  for  one  fort  on  the  ifland  to  guard  the  entrance,  then  two  or 
more  forts  mould  be  raifed  thereon,  in  the  moft  commodious  places  that 
Can  command  the  avenues  to  the  bay. 

178.  Belide  the  forts  raifed  on  fuch  an  ifland  or  fhoal  before  a  har- 
bour's entrance,  there  fhould  be  others  raifed  on  the  moft  convenient 
points  of  land  forming  the  mouth  of  the  bay  ;  whereby  the  defence  of  the 
paflage  is  mode  more  fecure,  fhould  the  fhips  of  an  enemy  by  any  acci- 
dent pafs  the  advanced  defences. 

j  79.  When  forts  are  thus  built,  it  is  not  enough  to  contrive  them  in 
fuch  amanner  that  their  batteries  may  annoy  the  fhipping  which  attempt 
to  pafe  without  leave  ;  but  they  fhould  be  alfo  carefully  fortified,  to  refift 
attempts  from  an  enemy  afhore  j  for  fhould  this  be  neglected,  a  body  of 
marines,  or  feamen,  landing  on  the  ifland  or  place  where  the  battery  or 
fort  is,  would  fruftrate  the  intention  of  fuch  fortifications  or  defences ; 
of  which  there  are  many  inftances  to  be  met  with  in  hiftory. 

180.  As  there  may  be  feveral  fpots  about  the  points  judged  proper  to 
ere£t  the  defences  on,  that  will  command  in  the  manner  as  above,  it  is 
of  conliderable  importance  to  know  which  will  have  moft  advantages, 
and  feweft  difadvantages  ;  for  both  circumftances  are  to  be  brought  into 
the  account,  and  that  only  chofen  which  has  the  moft  favourable  balance. 
Thus,  the  foil  fhould  be  the  firmeft,  and  moft  capable  to  bear  the  can- 
non and  building  to  be  erecled-i-Of  a  height  fufficient  to  be  out  of  the 
reach  of  tides  and  floods,  and  not  much  higher  than  is  barely  necefTary 
to  avoid  thofe  inconveniences  ;  for  the  cannon  commands  beft  when  near 
the  water's  level — A  place  difficult  for  an  enemy  to  land  in  its  neigh- 
bourhood ;  and  if  landed,  where  they  may  be  incommoded  in  their 
march  to  the  fort — A  place  where  fuccours  may  eaiily  approach — Where 
the  troops  on  duty  may  without  much  trouble  obtain  the  conveniences 
of  life — And  where  there  are  the  feweft  noxious  exhalations. 

When  the  moft  convenient  place  for  a  fort  or  battery  is  chofen,  the 
next  thing  to  confider,  is  whether  the  work  is  to  be  temporary  or  perpe- 
tual ;  that  is,  whether  the  work  is  only  to  ferve  for  a  prefent  emergency, 
or  to  be  kept  in  repair  under  a  probability  of  its  being  frequently  at- 
tacked ;  and  whether  the  work  be  temporary  or  perpetual,  it  is  necefTary 
that  it  be  fitted  to  the  materials  at  hand,  or  that  can  be  procured  with 
the  leaft  trouble  and  expence. 

1 8 1.  As  it  may  frequently  happen,  that  in  fuch  fituations  here  referred 
to,  the  paflage  between  the  ifland  and  main  is  rather  too  wide  for  can- 
Hon  to  command  acrofs ;  therefore,  if  the  place  is  of  fufficient  import- 
ance, there  may  be  many  ways  contrived  to  remedy  this  defect,  when  it 
is  poffible  to  be  avoided.  The  beft  are  thofe  which  oblige  fhipping  to 
keep  in  one  track  or  channel ;  and  when  this  can  be  accomplifhed,  ei- 
ther by  finking  of  old  (hipping,  running  out  of  moles,  or  contriving  to 
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form  fand  banks  or  fhoals,  or  by  any  other  means  that  the  fituation  of 
the  place  can  furnifh  ;  then  may  forts  or  batteries  be  advanced  fo  far 
into  the  water,  as  to  command  that  channel :  Or  if  the  paffage  cannot 
be  reduced  to  lefs  than  two  channels,  then  a  fort  fhould  be  erected^  if 
poffible,  between  them. 

j  82.  In  the  building  of  thefe  works,  great  care  fhould  be  taken  that 
the  foundations  are  laid  fufficiently  firm  to  fupport  the  fuperftructure ;  and 
as  thefe  places  are  generally  low,  either  in  marfhy  or  fandy  fituations,  a 
great  number  of  piles  mould  be  drove  into  the  foil,  to  the  depth  of  10, 
20,  30,  or  more  feet,  according  as  they  drive  with  more  or  lefs  diffi- 
culty :  If  a  quantity  of  fuch  piles  be  driven,  at  the  diftance  of  1 2  or  1 8 
inches  from  one  another,  over  the  place  intended  for  the  foundation 
and  the  tops  of  them  be  cut  level  fome  feet  below  the  furface,  then  may 
a  floor  of  timber  be  laid  over  the  tops  of  the  piles,  and  the  building 
raifed  thereon. 

183.  Third  sortj  JVhen  the  harbour  is  in  a  hay,  ivhofe  points  forming 
the  entrance  Jlretch  into  the  fea,  and  approach  one  another  within  cannon 
Jhot :  Such  a  harbour  is  fortified  by  building  on  both  fides  its  entrance 
one  or  more  forts  5  and  if  it  is  poffible^  let  a  fort  be  alfo  built  within  the 
harbour's  mouth,  in  fuch  a  manner,  that  its  cannon  can  rake  the  {hip- 
ding  fore  and  aft  as  they  come  in  j  for  this  would  be  a  good  referve, 
mould  an  enemy's  fleet  force  their  way  between  the  forts  which  command 
the  entrance:  But  mould  there  be  no  proper  fpot  for  fuch  a  fort,  then 
let  others  be  erected  on  the  moft  convenient  points  that  can  command 
the  turning  to  the  right  and  left  within  the  mouth  of  the  bay ;  for  by 
thefe  means  an  enemy  Will  be  obliged  to  endure  a  kind  of  running 
fire,  which,  if  the  forts  be  well  conftrueted^  he  will  fcarcely  be  able  to 
fuftain. 

184.  Fourth  sort.  When  a  harbeur  is  formed  by  a  clujler  ofijlandsi 
Such  a  harbour  is  not  difficult  to  fortify,  when  the  channel  between  the 
iflands  is  not  too  wide  for  the  command  of  cannon  from  one  or  both 
fliores }  the  directions  how  to  place  the  forts  in  the  foregoing  cafes  be- 
ing equally  applicable  to  this.  And  in  places  where  the  channel  is  more 
than  cannon  mot  from  either  fhore,  the  fhipping  that  can  ride  there, 
muft  depend  upon  being  defended  from  the  batteries  afhore,  as  in  the 
firft  cafe,  when  the  fhore  is  bold  enough  for  the  fhips  to  run  under  the 
cannon. 

185.  Fifth  sort.  When  the  harbour  lies  in  an  inlet  or  river  fome  mile's 
above  its  mouth.  If  the  paffage  to  the  port  lies  ftraight,  and  can  be  com- 
manded from  fide  to  fide,  then  a  fort  built  at  each  point  of  the  entrance, 
and  two  others  between  them  and  the  harbour,  but  not  oppofite  to  one 
another,  unlefs  the  width  of  the  channel  requires  it,  will  in  moft  cafes 
be  a  proper  fecurity  for  the  fhipping  in  fuch  a  harbour  :  And  when  the 
channel  or  river  is  winding,  the  forts  fhould  be  built  where  they  can 
command  a  reach  at  leaft ;  or  be  fo  placed  at  the  bends,  as  to  command 
two  adjacent  reaches  j  for  as  vefTels  muft  tack  near  the  forts  fo  placed,  they 
will  at  thefe  times  be  more  under  the  command  of  the  batteries,  than 
they  would  be  when  failiag  by  them  on  a  direct:  courfe. 

_   In  the  directions  for  the  placing  of  forts  in  this,  and  the  other  cafes, 
there  has  been  no  mention  of  the  figure  which  it  would  be  moft  proper 
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to  conftru£l  them  of;  for  the  engineer,  who  has  the  charge  of  fuch 
works,  generally  does,  or  mould  take  care,  to  fit  the  fpot  with  a  figure 
properly  adapted  to  it :  But  for  the  fake  of  the  mariner,  it  was  judged 
proper  to  point  out  the  methods  ufually  taken  on  fuch  occafions. 

1 86.  Of  the  figure  and  fize  of  Forts. 

Befide  the  forts  defcribed  as  redouts  (art.  68,  70),  there  are  many 
others,  fuch  as  fquares,  pentagons,  hexagons,  or  the  halves  of  thefe 
figures,  which  are  fortified  with  intire  baftions,  by -much  the  fame  kinds 
of  conftructions,  as  are  the  polygons  in  the  tabic  art.  86 ;  only  the  mea- 
fures  of  the  exterior  fide,  normal  and  face,  are  much  lefs  than  thofe  for  a 
town ;  and  are  ufually  about  the  following  numbers. 

Make  the  fide  or  front  about  180  yards ;  the  normal  one  feventh,  or 
one  fixth  of  the  fide  ;  and  the  face  about  twice  the  normal,  or  a  little 
lefs ;  with  a  ditch,  if  neceflary,  of  about  20  yards  broad  ;  a  rampart 
brdad  enough  for  a  platform,  and  a  parapet  of  about  12  feet  thick. 

The  exterior  fides  of  forts  may  be  confiderably  lefs  or  greater  than 
1 8^  yards,  even  between  the  limits  of  60  yards  to  200  ;  according  to  the 
fize  of  the  fpot  on  which  it  is  to  be  built,  joined  to  the  importance  of 
the  place  it  is  to  defend  :  For  it  would  be  a  great  abfurdity,  either  to  build 
a  large  expenfive  fort  to  fecure  a  harbour  or  port  of  little  more  confe- 
quence  than  to  give  fhelter  to  a  few  fifhing  boats ;  or,  on  the  contrary, 
to  build  a  fmall  trifling  work  to  guard  a  haven  where  many  fh-ips  of 
the  utmoft  importance  are  laid  up,  or  riding  at  anchor. 

It  is  not  always  neceflary,  or  even  convenient,  to  make  thefe  forts  on 
figures  perfectly  regular ;  for  the  fituation  may  require  fome  of  its  fides 
to  be  fhorter  than  others  :  Neither  is  it  neceflary  that  the  figures  fhould 
be  fortified  with  baftions,  or  half  baftions,  at  the  angles ;  for  there  are 
many  cafes  where  it  will  anfwer  the  purpofe  equally  well,  or  even  better, 
to  make  a  baftion  on  the  fide  of  a  figure  towards  the  middle;  but  then 
the  faces  of  the  baftion  fhould  be  fo  drawn,  that  they  may  be  raked  from 
the  extremities  of  that  fide,  by  a  defence  of  at  leaft  10  or  12  yards. 

187.  Of  proper  Forts,    and  their  difpoftisn. 

If  the  place  on  which  the  fort  is  to  be  built  is  a  fpot  furrounded  with 
water,  forming  a  channel  on  both  fides ;  then  the  figure  is  to  be  difpofed, 
fo  as  to  have  either  one  or  two  of  its  fronts  turned  towards  each  channel, 
whereby  the  batteries  in  the  flanks  will  fcour  both  up  and  down  the 
ftream,  while  thofe  in  the  faces  and  curtins  command  the  paflage  directly 
before  them.  That  part  to  feaward,  may  either  have  a  front  extended 
along  it,  or  have  one  of  the  points  of  the  figure  directed  that  way,  ac- 
cording as  it  may  be  judged  moft  convenient ;  and  if  before  thefe  fronts 
there  is  any  place  at  which  an  enemy  can  land,  then  one  or  more  batte- 
ries fhould  be  fo  formed,  that  their  guns  may  be  brought  to  bear  on  that 
landing  place  ;  and  if  this  be  not  thought  fuflicient,  a  fmall  outwork 
fhould  be  built'  near  that  place,  to  make  the  landing  more  dangerous ; 
and  on  account  of  the  convenience  of  landing,  the  fort  fhould  be  fur- 
nifhed  with  a  ditch,  covered  way,  and  glacis :  The  part  next  the  harbour 
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will  be  fufficiently  fecured  by  a  line  thrown  up  properly  flanked.  Should 
the  fituation  be  on  a  rock,  where  there  is  no  danger  of  an  enemy's  land- 
ing ;  then  a  good  line,  capable  of  covering  the  troops  and  cannon,  will 
fuffice.  If  there  is  only  a  channel  on  one  fide  fit  for  flipping  topafs  through  ; 
then  that  fide  mould  be  fortified  as  in  the  former  cafe ;  and  leafl  the 
enemy's  boats  fhould  get  through  on  the  other  fide,  it  mould  be  alfo  put 
in  a  ftate  of  defence:  But  here  a  flight  redan,  furnifhed  with  a  few 
pieces  of  fmall  cannon,  may  be  found  a  fufficient  defence  againft  the 
boats. 

188.  When  a  fort  is' built  on  a  point  of  the  main,  the  fame  kind  of 
difpofition  ufed  in  the  foregoing  Cafe,  next  to  the  channel,  will  alfo  ob- 
tain in  this;  but  it  is  tiecefTary  to  take  proper  care  of  the  land  fide, 
which  in  this  cafe  is  more  liable  to  be  attacked  than  in  the  former.  In 
the  fortifying  of  the  land  fide,  the  WOrks  mould  be  proportioned  to  the 
ftrength  of  the  enemy  that  may  probably  ever  appear  before  it :  For  there 
are  many  places,  where  there  is  no  likelihood  of  ever  feeing  an  enemy 
ftronger  than  the  force  which  can  be  exerted  by  a  fleet  of  three  or  four 
fhips  of  war ;  and  as  thefe  cannot  be  furnifhed  fufficiently  for  undertak- 
ing a  regular  land  fiege,  therefore  a  well  flanked  line,  with  a  ditch,  if 
properly  defended,  will  fecure  the  place  againft  the  attacks  of  failors  or 
marines  unprovided  with  artillery  :  Or  fhould  a  few  pieces  be  brought 
againft  the  place,  their  paffage  to  it  will  be  very  dangerous,  unlefs  they 
can  be  brought  near  enough  to  act  under  cover;  and  to  leave  fuch  a  cover 
would  be  an  unpardonable  overfight  in  thofe  who  had  the  care  of  conflict- 
ing that  fort.  But  when  the  importance  of  a'  place  may  bring  before  it  a 
large  fleet,  and  a  land  army  properly  appointed,  then  fhould  the  fortifica- 
tions on  the  land  fide  be  put  in  a  ftate  capable  of  fuftaining  a  vigorous 
fiege. 

There  are  many  low  points  on  which  batteries  may  be  raifed  for  the 
defence  of  a  channel,  over  which  a  lofty  fhip  may  have  a  confiderable 
command :  In  fuch  forts  proper  traverfes  fhould  be  placed,  that  the  line 
of  the  battery  be  not  raked  by  the  fhips  guns. 

189.  In  the  conftructions  of  all  forts,  it  fhould  be  remembered,  that 
the  figure  of  feweik  fides  and  baftions,  that  can  probably  anfwer  the 
expected  defence,  is  ever  to  be  preferred ;  as  the  Works  on  fuch  plans 
are  fooner  executed,  and  with  lefs  expence ;  befides,  fewer  troops  will 
ferve,  and  they  are  more  readily  brought  together  in  cafes  of  neceflity  : 
And  with  regard  to  the  executive  part  of  fuch  works,  enough  has  been 
already  faid,  obferving  that  where  ftone  and  brick  are  fcarce,  and 
there  is  plenty  of  wood,  then  timber  works  are  to  be  moll  ufed ;  and, 
on  the  contrary,  ftone  or  brick  earth  being  plenty,  and  wood  fcarce, 
mafonry  is  to  be  preferred  ;  taking  care  never  to  ufe  fea  water  in  the  lime, 
nor  to  make  the  parapet  intirely  of  ftone  ;  for  the  fplinters  drove  about 
by  an  enemy's  cannon,  will  make  it  dangerous  for  the  defendants  to 
continue  their  pofts. 
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190.  Of  the  fortifying  harbours  by  Booms. 

Notwithftanding  the  forts  built  for  the  fccurity  of  a  harbour,  ©r 
pafiage,  there  are  many  inftances  that  may  be  produced  to  fhew  that  they 
alone  are  not  fufficient.  The  great  Sir  Walter  Rawleigh  fays,  "  In 
"  this  age,  a  valiant  and  judicious  man  of  war  will  not  fear  to  pafs  by 
"  the  beft  appointed  fort  of  Europe  with  the  help  of  a  good -tide,  and  a 
"  leading  gale  of  wind;  no,  tho' 40  pieces  of  great  artillery  open  their 
^  mouths  againft  him,  and  threaten  to  tear  him  in  pieces. 

"  In  the  beginning  of  Queen  Elizabeth's  reign,  when  Denmark  and 

*'  Sweden  were  at  war,  our  Eaftland  fleet,  bound  for  Liefland,  was  for- 

"  bidden    by  the  King  of  Denmark  to  trade  with  the  fubjeds  of  his 

*c  enemies,  and  he  threatned  to  fink  their  fhips  if  they  came  thro'  the 

"  ftreights  of  Elfeneur.     Notwithftanding  this,  our  merchants,  having 

<c  a  fhip  of  her  majefty's,  called  the  Minion,  to  defend  them,  made  the 

"  adventure  j  and  fuftaining  fome  vollies  of  (hot,  kept  on  their  courfe. 

"  The  king  made  all  the  provifion  he  could  to  flop  them  on   their  re- 

"  turn  :  But  the  Minion,  commanded  (as  I  take  it)  by  William  Bur- 

6  rough,  leading  the  way,  did  not  only  pafs  with  little  lofs,  but  did  beat 

'  down  with  artillery  a  great  part  of  the  fort  of  Elfeneur,  which  at  that 

"  time  was  not  fo  well  rampar'd,  as  now  perhaps  it  is ;  and  the  fleet  of 

c  merchants  that  followed  him  went  thro'  without  any  wound  received. 

"  Neither  was  it  long  fince,  that  the  Duke  of  Parma  befieging  Antwerp, 

"  and  finding  no  poflibijity  to  mafter  it  otherwife  than  by  famine,  laid 

"  his  cannon  on  the  bank  of  the  river,  fo  well  to  purpofe,  that  he 

"  thought  it  impoflible  for  the  leaft  boat  to  pafs  by  :  Yet  the  Hollanders 

"  and  Zealanders,  not  blown  up  by  any  wind  of  glory,  but  coming  to 

<c  find  a  good  market  for  their  butter  and  cheefe,  even  the  poor  men 

? '  attending  their  profit,  when  all  things  were  extream  dear  at  Antwerp, 

"  paffed  in  boats  of  ten  or  twelve  tun,  by  the  mouth  of  the  duke's  can* 

c<  non,  in  defpight  of  them,  when  a  ftrong  wefterly  wind  and  tide  of 

"  flood  favoured  them;  as  alfo  with  a  contrary  wind,  and  ebbing  tide, 

"  they  returned  back  again :  So  as  he  was  forced  in  the  end  to  build 

"  his  Jtockado  overthwart  the  river,  to  his  marvelous  trouble  and  charge. 

u-  The  fort  of  St.  Philip  terrified  us  not  in  the  year  1596,  when  we  en- 

"  tered  the  port  at  Cadiz  ;  neither  did  the  fort  at  PuntaU  when  wc  were 

<c  entered,  beat  us  from  our  anchoring  by  it,  tho'  it  played  upon  us  with 

**  four  demi-cannon,  within  point  blank,    from  fix  in  the  morning  till 

*l  twelve  at  noon.     The  fiegeof  Ojiend,  and  of  many  other  places,  may 

<c  be  given  for  proof,  how  hard  a  matter  it  is  to  flop  the  paflage  of  a  good 

61  fhip,  without  another  to  encounter  it.     Yet  it  is  true,  that  where  a 

"  fort  is  fo  fet  as  that  of  Angra  in  Ttrcera,  that  there  is  no  pafling  along 

'*  befidc  it,  or  that  fhips  are  driven  to  turn  upon  a  bow-line  towards  it, 

*'  wanting  all  help  of  wind  and  tide ;  there,  and  in  fuch  places,  it  is  of 

'*  great  ufe  and  fearful :  Otherwife  not." 

But  fince  Sir  Walter's  time,  the  Sound  has  been  better  fortified,  yet 
in  1700  Sir  George  Rock  pafied  it,  notwithftanding  the  Danifh  fleet 
lay  to  jnfpede  his  pajTage.   The  a&ipns  at  Londonderry,Vigo,  Porto-bello, 
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Carthagena,  and  at  many  other  places,  are  all  fufficient  proofs,  that 
neither  forts  nor  caftles  can  flop  the  enterprizes  of  the  brave;  and  there- 
fore it  has  been  judged  proper  on  many  occafions,  befides  forts  and  bat- 
teries, to  lay  booms  and  other  obftru&ions  in  a  ftream,  to  fecure  the 
(hipping  there  from  the  attacks  of  a  powerful  enemy. 

1-9 1.  To  Jay  a  Boom. 

'  Provide  a  great  number  of  wooden  battlings  or  fpars  of  about  20, 
30,  or  40  feet  long,  more  or  lefs,  and  between  5  and  10  inches  dia- 
meter :  Then  moor  two  boats,  having  a  meet  anchor  in  each,  in  the 
place  near  one  fide  of  the  river  where  it  is  intended  the  boom  (hall  be- 
gin ;  bend  two  cables  to  thefe  anchors,  and  round  them  place  the 
fpars  or  poles,  frapping  on  each  with  ratling  fluff,  or  better  with  four 
inch  rope,  until  the  boom  is  7,  8,  9,  10,  or  more  feet  diameter  (ac- 
cording to  the  hands  employed),  the  cables  being  in  the  middle;  next, 
with  iron  hoops  rivetted  together,  worm  the  boom,  and  drive  thro'  the 
hoop  a  nail  into  almoft  ever  fpar  :  After  having  wrought  a  good  birth 
from  the  anchors,  drop  them,  -and  continue  the  work  till  it  is  brought 
near  the  other  edge  of  the  river,  and  there  drop  two  anchors  more  with 
the  cables  bent  to  them :  Then  over  all  lafh  the  fpare  yards  and  top-mafts 
with  the  top  chains,  fo  far  as  the  channel  goes. 

To  that  part  of  the  cable  in  the  channel  that  makes  the  boom,  let 
other  cables  be  fattened,  and  thefe  bent  to  anchors  laid  down  the  ftream; 
over  the  clinch  of  thefe  cables  let  battlings  or  fpars  be  wrought  for  near 
ten  fathoms  down  the  ftream,  that  the  enemy  may  not  cut  thefe  cables : 
Thefe  will  be  ferviceable  when  the  enemy's  mips  come  Jiemlings  againft 
it ;  for  if  he  force  it  in  one  place,  the  whole  will  not  be  opened  by  that 
fracture. 

In  places  where  wood  is  fcarce,  and  proper  fpars  are  not  to  be  readily 
had  ;  or  in  cafes  where  there  is  not  time  fufficient  to  prepare  them  ;  it  may 
be  found  fufficient  to  woold  two  cables  together  with  old  ropes,  lafhing 
to  them  the  oars,  top-mafts,  and  yards,  and  worming  the  whole  about 
with  iron  hoops ;  and  let  every  part  be  well  payed  with  pitch,  and  fmall 
gravel  ftrewed  on  it  while  the  pitch  is  warm.  A  boom  fo  prepared  can- 
not be  eafily  cut. 

If  on  any  particular  occafion  it  mould  be  found  convenient  and:  fafe  to 
open  the  paifage,  it  may  be  done  by  tripping  the  anchors  that  are  on 
one  fhore  and  thofe  down  the  ftream,  whereby  the  boats  may  fwingdown 
the  ftream  upon  the  ebb,  and  upon  the  flood  the  boom  may  be  relaid,  if 
the  enemy  appear  in  fight,  which  he  muft  do  the  firft  of  the  tide, 
for  upon  the  ebb  there  is  no  danger  of  his  coming ;  becaufe,  if  the  wind 
be  right  in,  a  prudent  enemy  will  not  adventure  againft- the  tide,  a  (hip 
then  making  fuch  wild  fteerage  ;  and  fhould  fhe  ground,  fhemuft  lie  there 
till  flood,  which  may  prove  fatal  to  her  from  the  batteries  afhore ;  and 
againft  both  wind  and  tide  the  enemy  cannot  come  in.  On  the  contrary, 
fhould  the  boom  be  carried  up  the  flood,  and  the  enemy  appear  at  the 
beginning  of  the  next  flood,  the  boom  cannot  be  relaid  till  the  ebb,  and 
before  that  time  the  enemy  may  have  accomplifhed  his  defign. 
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192.  If  there  be  good  ftore  of  timber  at  hand,  then  a  Jlockado  may 
be  made  by  driving  feveral  rows  of  piles  in  the  channel  before  the  boom  ; 
or  mould  the  depth  of  water  be  too  great  for  this  work,  the  trees  may 
be  ufefully  applied,  by  making  a  raft  to  ride  before  the  boom  by  good 
anchors,  obferving  that  the  cables  are  fo  made  faft,  that  the  enemy  can't 
come  to  cut  them  :  Thefe  rafts  will  be  of  fingular  ufe  in  putting  the 
enemy  into  diforder,  by  laying  rubbifh  upon  them  to  make  fires  of  when 
the  enemy  appears,  which  will  put  him  into  fome  confternation,  and  per- 
haps may  caufe  him  to  chop  to  anchor,  and  lofe  time  or  his  tide ;  and 
this  may  be  done  each  flood,  obferving  not  to  have  the  fmoke  drive  into 
the  works,  which  might  give  the  enemy  too  great  an  advantage. 

193.  To  lay  a  boom  in  a  fir  eight  channel. 

Suppofe  the  wind  for  the  moft  part  to  blow  obliquely  acrofs  the  river 
or  channel  on  the  {larboard  quarter  going  up  the  river :  Now  if  the  boom 
be  laid  dire*.clly  thwart  the  channel,  the  mips  coming  with  the  tide  of 
flood  and  a  leading  gale  will  run  ftemlings  againft  it,  and  fo  hazard  its 
breaking,  by  ftriking  with  a  force  that  comes  direct  ;  whereas,  could  the 
boom  be  laid  obliquely  thwart  the  river,  nearly  in  a  line  with  the  wind, 
fo  as  the  fiiip  muft  take  it  with  her  bow,  the  blow  would  be  diverted 
by  thefhip's  calling ;  becaufe  in  this  pofition  the  enemy  cannot  run  ftem- 
lings againft  it;  for  in  failing  up  the  river,  the  fhip  muft  be  near  before 
the  helm  ;  and  to  bring  her  head  to  the  boom,  the  helm  muft  be  put 
down,  and  then  it  is  ten  to  one  whether  fhe  come  too  fo  nicely  as  to 
take  the  boom  :  Not  to  mention  the  miftakes,  in  a  confufion,  committed 
by  the  man  at  die  helm,  and  he  upon  the  cend,  nor  the  fmoak  ;  for  ex- 
clufive  of  all  thefe,  it  may  be  taken  for  granted  the  fhip  would  caft  along 
fide  the  boom  :  Then  the  batteries  at  the  end  of  the  boom  on  the  lar-i 
board  fide  would  rake  him  fore  and  aft,  while  the  oppofite  batteries  on 
the  ftarboard  fide  playing  on  his  broadfide  with  double-round  and  partridge , 
muft  make  a  great  {laughter  among  his  men  cutting  at  the  boom.  And 
fiaould  he  not  fwing  along  fide  the  boom,  but  lie  ftemling  againft  it, 
then  will  the  batteries  on  the  ftarboard  fide  the  river,  which  are  to  be 
made  above  the  weather  end  of  the  boom,  rake  him  fore  and  aft,  while 
thofe  on  the  larboard  fide,  againft  the  leeward  end,  play  on  his  broad- 
fide. 

194.  The  fhips  within  the  boom,  which  it  is  to  protecl,  mould  be 
moor'd  in  a  kind  of  half-moon,  with  their  broadfides  flanking  the  boom. 
And  feveral  old  fhips,  or  thofe  the  leaft  ufeful,  may  be  funk  as  foon  as  a 
iignal,  fignifying  that  the  boom  will  be  cut,  is  made  at  one  of  the  forts 
which  defend  it;  for  this  purpofe,  thofe  fhips  fhould  have  large  fcuttleS 
ready  cut :  And  for  a  farther  fecurity,  it  would  be  very  proper  to  have 
a  fmall  boom  to  divert  the  enemy,  that  the  fhips  may  be  funk  in  the 
channel  before  he  boards  them. 

As  to  the  refl  of  the  fhips,  they  are  left  to  their  commanders  judg- 
ment ;  and  if  there  is  no  other  remedy,  the  people  may  get  afhore  to  wind- 
ward if  they  can,  and  there  make  the  beft  defence  in  their  power  againft 
the  enemy's  boats  and  firefhips.  From  duly  weighing  the  whole  of 
thefe  circumftances,  it  will  be  found  that  the  chief  ftrength  is  in  the 

boom  } 
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boom  ;  therefore  if  a  double,  triple,  or  fourfold  boom  was  laid,  if  the  mate- 
rials could  be  procured,  and  the  value  of  the  fhipping  and  cargoes  were  .of 
fufficient  importance,  it  would  make  the  place  fo  much  the  ftronger,  and 
the  enterprize  of  the  enemy  more  hazardous.  In  ftretching  thefe  booms, 
the  trouble  of  many  anchors  may  be  fpared,  by  making  all  the  cables  faft 
to  the  firft,  and  fo  let  them  float  in  a  bight,  and  by  a  fmall  anchor  ride 
upon  the  ebb,  to  keep  clear  of  one  another. 

195.  To  fet  up  a  boom  in  the  bend  of  a  river. 

From  the  point  formed  by  a  bend,  {ketch  two  bombs  acrofs  the 
channel,  one  towards  the  middle  of  the  oppofite  bight,  and  the  other  fo 
much  higher,  as  to  lie  directly  thwart  the  channel,  leaving  a  kind  of 
angular  fpace  between  them. 

Next  the  point  from  whence  the  two  booms  ftretch,  ere£r.  a  proper 
fort  or  battery  to  command  the  channel  both  below  and  above  the  bend. 

On  the  other  fide  the  river,  erect:  another  fort  or  battery  againft  the 
bight  a  little  above  the  end  of  the  lower  boom,  and  fo  difpofed,  that  its 
cannon  may  rake  the  channel  coming  up  to  the  boom,  as  well  as  com- 
mand both  the  booms. 

A  boom  being  thus  difpofed,  it  is  a  great  chance  if  a  fhip  anfwer  her 
helm  fo  timely  in  bearing  or  loofing  about  the  point  as  to  take  it  ftemlings, 
and  if  me  fmite  it  with  her  bow,  (he  calls;  and  in  either  cafe  fhe  will  be  raked 
fore  and  aft  by  one  fort,  and  have  her  broadfide  battered  by  the  other. 

Let  fome  old  vefTels  be  fitted  up  for  firefhips,  and  placed  between  the 
two  booms ;  from  each  fhip  let  two  hawfers  be  carried  afhore,  one  on 
«ach  fide,  and  fixed  to  cramps  fet  up ;  fb  that  as  foon  as'  the  enemy  has 
patted  the  firft  boom,  thefe  mips  being  fet  on  fire,  and  heaved  in  their 
way,  nothing  can  hinder  the  enemy's  deftruction  :  As  foon  as  fire  is  fet 
to  the  train,  the  boat  may  pull  afhore,  under  covert  of  the  fhip,  without 
any  apparent  danger ;  for  fuch  will  be  the  enemy's  confirmation,  that 
they'll  foon  leave  firing.  The  hawfers  may  be  faftened  to  clamps  below 
the  water-line,  that  they  be  not  burnt,  nor  in  fight  of  the  enemy  to  cut 
them.  If  the  firefhip  is  clapt  aboard  the  weathermoft  fhip,  they  may  be 
both  heaved  together  aboard  another  to  leeward. 

The  fhips  to  be  defended,  may  be  moored  in  a  half  moon-,  with'  their 
broadfides  fo  laid,  as  to  batter  the  enemy  when  he  attempts  the  boom  : 
And  if  other  works  than  what  are  here  directed  be  judged  necefiary,  they 
muft  be  adapted  to  the  fituation  of  the  place. 

196.  When  no  ftrong  attacks  by  land  are  to  be  fear'd,  the  mooring  of 
mips  behind  a  point  is  beft,  on  account  of  laying  the  boom :  Now 
ftiould  the  boom  be  forced,  which  mufV;he  upon  the  flood,  a  firefhip, 
inftead  of  fallings  on  board  a  fhip  thus  moored,  will  by  the  tide  be  hur- 
ried beyond  her ;  and  if  the  place  is  any  ways  favourable  to  the  fhips 
moored  there,  it  will  be  found  impracticable  to  board  a  fhip  thus  moor'd, 
with  fuch  a  wind  and  tide  as  the  enemy  muft  have  to  break  the  boom; 
unlefs  he  expofe  his  boats  in  carrying  out  an  anchor  to  warp  over,  which 
will  be  a  very  dangerous  attempt;  or  fome  unaccountable  accident  in- 
tervene, 
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197.  It  may  be  objected,  that  fhips  thus  moor'd  cannot  bring  their 
broadfides  to  bear  upon  the  enemy  when  coming  to  force  the  boom ; 
and  that  they  may  be  battered  by  the  enemy  over  the  point.  To  this  it 
may  be  anfwered,  firft :  It  is  no  matter  whether  the  broadfides  do  or 
not,  for  perhaps  it  might  be  the  beft  way  to  get  the  guns  afhore,  if  there 
is  time,  to  be  there  ufed  j  and  to  put  the  fmaller  fort  only  on  the  lower 
deck,  and  turned  to  flank  the  boom.  Secondly,  The  enemy  will  have 
but  an  uncomfortable  birth  in  lying  to  batter  the  fhips  over  the  point,  as 
they  will  have  to  deal  with  the  fire  from  the  fortifications  aftiore.  What 
is  here  faid,  is  only  to  be  underftood  when  five  or  fix  fhips  are  to  be  de- 
fended j  for  the  wake  of  a  point  would  not  hold  any  considerable  fleet. 

198.     Maxims  to  be  obferved  in  fortifying  a  harbour  and  mooring  the 

Jbipping  therein. 

I.  Let  all  the  land  marks  be  removed  that  may  direcl:  the  enemy's 
Peerage  into,  or  up  the  river  or  harbour,  when  there  is  a  probability  of  an 
attack. 

II.  Choofe  fuch  a  place  if  poflible  for  erecting  the  works  on,  that 
cannot  be  laid  under  water,  either  by  hafty  rains,  or  by  any  art  of  the 
enemy. 

III.  Let  the  eminencies  which  command  the  works  within  cannon 
lhot,  be  fecured  by  erecting  fmall  forts  on  them,  furnifhed  with  fmall 
cannon. 

IV.  All  woods  within  cannon  fhot  of  the  fortifications  are  to  be  cut 
down,  and  the  timber  employed  about  the  works. 

V.  Secure  a  fpring  of  frefh  water  by  a  fort  and  proper  guard. 

VI.  Take  all  the  buoys  from  the  anchors  that  ride  the  booms,  that 
the  enemy  may  not  trip  them. 

VII.  Let  the  powder  and  other  munitions  be  feparated  and  kept  irt 
different  places,  that  if  an  accident  happens,  the  whole  may  not  be  de- 
stroyed. 

VIII.  The  fhips  fhould  not  be  ported  near  any  town  or  village,  unlefs 
they  are  intended  to  cover  that  place,  or  the  thing  be  unavoidable  j  left 
the  fhot  and  bombs  which  mifs  the  fhips  deftroy  the  town. 

IX.  The  fhips  fhould  never  be  moor'd  before  the  fortifications. 

X.  Moor  the  fhips  fo  as  to  rake  the  enemy  fore  and  aft  when  he 
batters  the  works. 

XI.  Let  not  the  fhips  when  moor'd  touch  one  another,  that  the  ene- 
my may  be  obliged  to  burn  each  fhip  fingly. 

XII.  Unrig  the  fhips,  and  ftrip  the  fhrowds  from  the  maft-head,  that 
the  graplings  of  firefhips  may  have  no  hold. 

XIII.  Let  the  fails  be  carried  afhore  for  tents,  and  moft  of  the  gun- 
ner's Irores  ;  that  if  the  worft  happen  to  the  fhips,  there  may  be  ftore  of 
ammunition  for  the  forts. 

XIV.  Unlefs  the  cargo  be  afhore,  let  not  the  chefts  nor  cloths  of  any  per- 
fon,  from  the  captain  to  the  fwabber,  be  carried  out  of  the  fhip  ;  whereby 
every  man  may  have  fome  inducement  to  exert  himfelf  in  the  defence. 

XV.  Let  outguards  and  centinels  be  placed  upon  and  near  the  bank* 
of  the  riven  or  harbour ;  and  let  fome  hands  in  nimble  boats,  armed,  pais 
down  the  ftream  each  night  to  watch  the  motions  of  the  enemy. 

SECTION 
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*99*  Of  the  mo or  in?  of  (hips  in  fcrtified  harbours. 

Before  the  boom  is  laid,  it  will  be  neceflary  to  appoint  the  place  where 
to  moor  the  vefTels,  that  they  may  be  beft  fecured  from  the  enemy's  fire- 
fhips,  and  yet  annoy  their  men  of  war;  and  as  this  can  be  only  done 
either  in  the  ftream  or  out  of  it,  the  advantages  arid  difadvantages  refult- 
ing  in  both  cafes  will  be  here  confidered. 

200.  Confidsrations  in  mooring  with  regard  to  the  Jireatn. 

First.  The  advantages  an  enemy  has  of  a  Jhip  moor'd  in  the  Jireatn. 

ill.  A  fhip  moor'd  in  the  ftream  will  find  fome  difficulty  in  bringing 
her  broadfide  to  gaul  an  enemy  in  his  approach,  who  always  comes  with 
the  ftream  ;  and  if  the  tide  runs  too  fwift  for  one  to  lie  thwart,  it  cer- 
tainly does  fo  for  the  other ;  both  having  ground  tackle  equally  good. 

2d.  In  this  fituation  there  is  no  hindering  a  firefhip,  that  has  pafled 
the  boom,  from  being  aboard  you,  as  none  but  the  chafe  guns  can  He 
brought  to  bear  on  him  j  and  fhould  you  heave  thwart,  he  will  be  the 
furer  of  grapling  you,  unlefs  by  bringing  your  whole  broadfide  to  bear, 
you  fink  him ;  for  fhould  the  officer,  thro'  want  of  courage,  forfake  the 
firefhip,  yet  the  tide  will  bring  him  aboard  :  Moreover,  in  fuch  a  pofiti- 
on  the  enemy's  fhips  of  war  may  board  you,  and  then  your  batteries 
afhore  are  ufelefs. 

'  3d.  In  riding  in  the  ftream,  the  cables  are  expofed  to  the  enemy ; 
Which  if  hit  by  a  chance  fliot,  the  fhip  will  fwing  upon  the  tide,  and 
fo  the  enemy  have  the  opportunity  of  raking  you  fore  and  aft ;  and  if  the 
enemy  has  any  conduct,  he  may  lay  his  anchors  fo  as  his  cables  fhall  be 
fecured  from  your  mot. 

4th.  Should  you  moor  thwart  the  ftream,  the  enemy  may  drop  a  fmall 
anchor  out  aftern,  veer  thwart  your  hawfe,  and  fo  conftrain  you  to  alter 
your  pofition,  or  rake  you  fore  and  aft. 

5th.  In  riding  thwart  the  ftream,  the  cables  by  bearing  a  more  than 
ordinary  ftrain  are  apt  to  break,  or  ftart  an  anchor;  whereby  the  fhip 
Twinging  on  the  tide,  it  is  a  great  chance  but  the  other  anchor  ftarts, 
and  fhe  fwing  to  leeward.  But  thefe  advantages  are  only  on  the  enemy's 
fide  while  the  tide  fets  in  ;  for  the  defendants  have  them  when  the  tide 
fets  out :  Therefore,  in  fuch  places  where  the  ftream  runs  continually 
out,  the  beft  way  is  to  moor  in  it,  if  the  wind  does  not  blow  always  in.' 

201.  Secondly.  The  advantages  a  Jlrip  moor'd  in  a  ftream  has  over  an 
enemy. 

ift.  A  fhip  moor'd  thwart  the  tide,  lies  convenient  to  rake  an  enemy 
fore  and  aft  in  his  approach,  and  fo  may  do  him  a  considerable  damage 
before  he  is  thwart  the  ftream  to  batter. 

2d.  In  riding  thus  in  the  ftream,  according  to  the  common  fituation 
of  rivers,  the  enemy  cannot  batter  you  under  covert. 

202.  Thirdly,  A  fhip  moor'd  out  cf  the  Jtream  has  thefe  difadvan- 
iages. 

ift.  That  fhe  cannot  rake  the  enemy  fore  and  aft  fo  Well  as  while  ly- 
ing in  ths  ftream  ;  unlgfs  by-  fome  particular  fituation  of  the  place. 

Qjl  q  q  2d.  Tho 
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2d.  The  enemy's  men  are  not  much  expofed  in  mooring ;  for  it  is 
but  dropping  his  anchor  and  he  may  veer  along  your  fide  ;  or  if  you  lie 
thwart  the  rivers  acrofs  your  hawfe :  But  this  may  be  prevented  by 
riding  in  the  wake  of  a  point ;  for,  mould  the  enemy  drop  anchor  be- 
fore he  be  about  the  point,  he  cannot  veer  along  fide ;  and  if  he  let  go 
his  anchor  after  he  is  about  the  point,  he  may  be  aftern  before  he  is 
brought  up. 

203.  Fourthly.  A  fcip  moor 'd  out  ofthejlream  has  thefe  advantages. 

iff.  There  is  no  danger  of  the  firefhips  driving  aboard  her,  unlets  di- 
rected by  a  ftrong  wind  :  And  for  the  fame  reafon,  the  enemy  cannot  be 
thwart  your  hawfe,  unlefs  he  tows  there  with  his  boats,  and  then  they 
and  their  crews  are  expofed  to  your  cannon. 

2d.  A  (hip  thus  moor'd  is  in  no  danger  of  driving  mould  her  cables 
be  mot,  if  it  is  calm,  as  it  commonly  happens  in  engagements. 

Confiderations  in  jnooring  with  regard  to  the  zvind. 

204.  First.  With  regard  to  vuindivard. 

Belide  the  advantage  of  being  free  from  the  fmoke,  you  may  caufe 
the  enemy  to  drive  to  leeward,  mould  you  hit  his  moorings  ;  and  if  he 
trys  to  heave  off  by  carrying  an  anchor  to  windward,  his  boats  will  be 
expofed  to  your  cannon;  and  if  the  boats  lay  to  pafs,  his  fhip  while  he 
Heaves  wiH  be  raked  fore  and  aft,  which  muff  do  great  execution  among 
his  men  while  they  ftand  thick  at  the  capftan  :  But  it  is  highly  probable, 
a  fhip  fo  grounded  could  not  be  got  off. 

When  to  windward,  the  cables  arc  cover'd  from  the  enemy  by  the  fhip, 
and  may  befeized  to  clamps  and  cleats  nailed  to  the  fide,  and  fo  the  moor- 
ing fecured  from  random  (hot:  And  this  ought  to  be  carefully  done  for 
preventing  the  only  difadvantage  that  attends  fhips  moor'd  to  windward, 
ivhich  is,  that  if  their  cables  are  mot  they  drive  out  upon  the  enemy,  or 
fwing  head  at  wind  ;  if  the  former,  they  may  be  boarded  by  the  ene- 
my's firefhips,  or  fhips  of  war,  and  then  your  precautions  are  rendered 
fruitlefs  ;  if  the  latter,  they  may  be  raked  fore  and  aft  by  the  enemy  ;  and. 
if  neither  of  thefe  happen,  the  fhip  may  drive  to  leeward  and  be  grounded. 

205.  Secondly.  With  regard  to  leeward. 

A  fhip  fo  moor'd  cannot  prevent  the  enemy's  being  fent  on  board,  un- 
lefs a  fhoal  or  ftockado  lie  between  them. 

In  this  pofition,  fhould  you  fhoot  the  enemy's  cables  through  his  care- 
lefsnefs  in  covering  them  with  his  bull;  yet  as  he  drives  afhore,  or  upon 
you,  his  boats  are  cover'd  with  his  hull  while  they  carry  an  anchor  to 
windward  to  heave  off. 

Befides  your  moorings  lying  to  windward,  are  expofed  to  the  enemy; 
which  fhould  they  be  cut,  you  will  fwing  head  at  wind,  and  in  that  pofi- 
tion be  raked  fore  and  aft;  and  if  you  attempt  to  carry  out  an  anchor 
to  heave  your  broadfidc  againft  the  enemy,  your  boats  will  be  too  much 
under  his  command  ;  indeed,  inftead  of  carrying  out  an  anchor,  it  may 
be  beft  to  clap  a  fpring  upon  the  cable,  but  this  will  fail  if  the  fhip  is 
too  near  the  more. 

Upon  the  whole,  it  appears  beft  to  moor  to  the  windward  in  the  wake 
of  a  low  point,  when  fuch  a  fituation  can  be  obtained  ;  but  the  circum- 
itances  being  fo  various,  it  muff  be  left  to  the  judgment  of  the  commander, 
who,  if  he  rightly  conudcrs  what  has  been  laid,  will  chufe  for  the  heft. 

SECTION 
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206.  Of  fame  remarkable  afiions  concerning  the  attack  of  flrip  In  for* 

tified  harbours. 

Having  (hewn  the  methods  that  have  been  dire&ed  by  experienced 
men,  to  be  ufed  in  the  defence  of  harbours,  we  mall  now  think  of  clof- 
ing  this  work  with  the  accounts  of  fome  of  the  raoft  remarkable  actions 
'recorded  within  the  laft  ioo  years,  wherein  the  Englifh  have  had  any 
mare ;  and  this  was  thought  ufeful  on  two  accounts:  Firft,  as  examples 
to  the  preceding  precepts ;  and  fecondly,  to  point  out  to  the  young  ma- 
riner the  means  by  which  many  have  acquired  great  reputation  and 
honour. 

2 "7.  37;<?  battle  of  Santa  Cruz  in  the  year  1657. 

Santa  Cruz  is  a  town  and  bay  on  the  weft  fide  of  the  ifland  of  TenerifF, 
one  of  the  Canary  iflands  :  The  bay,  which  lies  rather  open  than  inclofed, 
has  deep  water  near  in  more;  but  the  beft  anchoring  is  about  half  a  mile 
from  more,  in  30,  40,  or  50  fathoms  water,  black  flimy  ground :  If 
there  be  many  mips,  they  mufl  ride  clofe  one  by  another.  The  fhore 
is  generally  high  land,  and  in  moft  places  is  fteep  to  the  water. 

Admiral  Blake  lying  with  fome  mips  near  Cadiz,  to  watch  for  the  re- 
turn of  the  Spanifh  plate  fleet,  had  intelligence  they  were  in  the  bay  of 
Santa  Cruz,  in  the  ifland  of  TenerifF ;  hereupon  he  broke  ground  the 
13th  of  April,  and  on  the  20th  arrived  at  Santa  Cruz,  where  he  found 
the  Spanifh  fleet,  to  the  number  of  fixteen,  moor'd  in  the  bay  in  a  half 
moon  :  Near  the  mouth  of  the  bay  was  a  caftle  well  furnifhed  with 
heavy  cannon ;  and  befides  that,  there  were  feven  forts  round  about  the 
bay,  with  6,  4,  or  3  great  guns  in  each,  all  united  by  a  line  of  com- 
munication from  fort  to  fort,  and  well  lined  with  mufketeers.  Don  Diego 
Diagues,  the  Spanifh  general  of  the  fleet,  upon  fight  of  the  Englifh  fleet, 
caufed  the  ten  fmaller  mips  to  be  moored  clofe  to  the  more,  and  fet  fix 
great  galleons,  well  mann'd,  further  out  at  anchor,  with  their  broad 
fides  to  feaj  in  this  pofture  the  Spanifh  admiral  vainly  thought  himfelf 
fo  fecure,  that  a  Dutch  merchant  fhip  going  out  of  the  harbour,  he. lent 
a  meflage  by  him  to  Blake,  that  he  might  now  come  if  he  durji. 

The  Englifh  admiral  having  well  viewed  their  pofture,  faw  it  would 
be  impoffible  to  bring  off  the  galleons ;  however,  he  refolved  to  burn 
them,  and  to  that  end  fent  in  Captain  Stayner,  commander  of  the  Speaker 
frigate,  with  a  fquadron  to  attack  them  :  He  foon  forced  his  paflage  into 
the  bay,  whilft  other  frigates  entertained  the  forts  and  lines  with  conti- 
nual broadfides:  Thefe  were  prefently  fupported  by  Blake  himfelf  with 
the  whole  fleet,  who  placing  fome  of  his  fhips  to  batter  thecaftles  and 
other  forts,  he  with  Stayner  continued  to  engage  the  galleons  j  over 
whom,  in  fix  hours,  he  gained  (notwithftanding  they  had  reinforce- 
ments of  men  feveral  times  from  the  fhore)  a  complete  victory,  fet  them 
on  fire,  and  every  one  of  them  was  burnt  to  the  water's  edge.  ^  They 
had  no  fooner  done  this,  than  the  wind  luckily  turn'd,  and  carried  the 
fleet,  without  the  lofs  of  one  fhip,  out  of  the  bay,  and  put  them  fafe  to 
fea  again. 

Q,q  q  q  2  2o8' 
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208.  Tit  attion  at  Londonderry  in  the  year  1689. 

Londonderry  is  a  fmall  but  pretty  ftrong  town  in  the  north  of  Ireland  j 
it  ftands  on  the  weft  fide  of  the  river  Loughfoyle,  about  three  miles  from 
a  lake  of  the  fame  name  ;  which  is  about  ten  miles  broad  and  fifteen 
miles  long,  communicating  with  the  fea  by  a  ftreight  of  about  a  mile 
broad,  fo  that  the  town  ftands  about  18  miles  from  the  fea:  The  river 
next  the  town  is  about  -£  of  a  mile  over,  and  keeps  this  breadth  nearly, 
between  the  town  and  lake,  where  its  mouth  is  defended  by  Culmore 
fort,  which  is  a  large  fquare  with  four  baftions. 

This  town  was  befieged  by  the  Irifh  and  French  in  the  year  1689,  and 
the  -garifon  brought  into  great  ftraits  for  want  of  provifions,  the  befiegers 
having  frrongly  fortified  the  river.  There  was  a  boom  framed  of  a  chain 
and  cables,  covered  with  timbers,  ftrctched  acrofs  the  river  about 
two  miles  below  the  town,  from  a  point  on  the  eaft  fide :  Each  end  of 
the  boom  was  defended  by  a  fort.  Between  the  boom  and  Culmore  fort 
were  two  others,  one  on  each  fide  the  river,  and  another  fort  above  the 
boom  oppofite  the  town.  The  fides  of  that  narrow  river  were  intrenched 
and  lined  with  mufketeers  ,  and  feveral  boats  were  funk,  and  ftockadoes 
drove,  armed  with  large  iron  fpikes. 

Notwithstanding  all  thefe  preparations,  the  boom  was  forced,  the  town 
relieved,  and  the  fiege  raifed,  by  the  affiftance  brought  by  three  fhips 
only,  in  the  following  manner:   The  Montjoy  of  Derryt  commanded  by 
Captain  Browning,  and  the  Phoenix  of  Coir ain,  by  Captain  Douglas,  be- 
ing both  loaden  with  provifion,  were  fent  towards  the  town,  under  the 
convoy  of  the  Dartmouth  frigate,  commanded   by  Captain  John  Leah. 
They  were  forced  to  ftand  a  furious  fire  of  .the  enemy  from  Culmore 
fort,  and  from  the  other  forts  and  intrenchments  on  both  fides  of  the 
river,  which  they  received  and  returned  with  the  greateft  bravery  ima- 
ginable.    The  Montjoy  made  a  little  flop  at  the  boom,  occafioned  by  her 
rebound,  after  ftriking  and  breaking  it,  fo   that  lhe  was  run  aground, 
Upon  this  the  enemy  gave  a  loud  and  joyful  fhout  (tho'  a  dreadful  one 
to  the  befieged),  fired  all  their  guns  upon  her,  and  were  preparing  their 
boats  to  board  her.     The  trouble  and  concern  of  the  befieged,  to  fee 
their  laft  hopes  difappointed,  is  not  to  be  expreffed  ;  but  by  great  pro-: 
vidence,  firing  a  broadfide,  the  fhock  loofened  the  (hip  fo,  that  fhe  got 
clear  and  pafled  the  boom.     Captain  Douglas  was  engaged  all  this  while, 
and  the  Dartmouth  gave  the  enemy  very  warm  entertainment,  till  at 
length  the  three  (hips,  having  overcome  the  great  difficulty  of  breaking 
and  pafling  the  boom,  got  up  to  the  city,  and  brought  unfpeakable  joy 
and  tranfport  to  a  garifon,  which  reckoned  only  upon  two  days  life,  hav- 
ing nothing  left  but  nine  lean  horfes,  and  a  pint  of  meal  to  each  man. 
This  brave  and  fuccefsful  undertaking  fo  difcou raged  the  enemy,  that  they 
raifed  the  fiege  the  next  day,  and  retreated  by  night  in  the  utmoft  con- 
fufion,  but  made  a  moft  miferable  havock  in  the  country,  by  robbing 
and  burning  all  before  them  for  feveral  miles. 

The  boom  appears  to  have  been  laid  directly  thwart  the  ftream,  and 
k>  was  eafier  to  force,  than  if  had  been  laid  obliquely  acrofs. 

209. 
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209.  The  aclion  at  Gibralter  in  the  year  1 693. 

The  Englifh.  fleet  under  the  command  of  Sir  George  Rook  and  Sir 
Thomas  Hob/on  were  convoying  of  a  very  large  fleet  of  merchant  fhips 
towards  the  Mediterranean ;  but  falling  in  with  the  French  fleet  under 
the  command  of  Admiral  Tourville,  the  Englifh  admiral  gave  the  fignal 
for  the  merchantmen  to  fhift  for  themfelves ;  and  among  others,  four 
heavy  laden  Turkymen  ;  namely,  the  Shandois,  the  Italian  merchant  y  the 
Afia,  and  the  Loyalty,  flood  away  for  the  Spanifh  ports,  and  put  into  the 
bay  of  Gibralter  ;  where  the  commanders  of  the  Turky  mips,  being  hin- 
dered from  profecuting  their  voyage  by  fome  difTention  on  board,  and  the 
fear  of  the  French  fleet,  thought  proper  to  fortify  themfelves. 

For  this  purpofe,  the  commanders  pofted  their  four  fhips  in  a  line 
within  the  new  mole,  which  ftretches  to  the  NW.,  with  their  broad- 
fides  flanking  towards  the  north,  or  entrance  into  the  mole ;  the  fhips 
were  unrigg'd,  and  confequently  having  no  fails  to  manage,  they  turn'd 
all  hands  to  the  cannon,  bringing  as  many  as  they  conveniently  could  to 
bear  on  one  fide. 

On  the  SE.  end  of  the  mole,  or  land  fide,  was  a  caftle,  in  which  was 
mounted  ten  fmall  cannon,  four  pointing  into  the  bay  towards  the  weft, 
three  commanding  the  mole,  and  the  other  flanking  the  NE.  more: 
Oppolite  to  the  mole- head  was  a  kind  of  redent,  very  advantageoufly 
built  to  flank  the  entrance  into  the  mole ;  but  neither  on  this,  nor  the 
mole-head,  had  the  Spaniards  any  cannon.  From  the  caftle  there  ran 
northward  a  line  of  communication,  or  a  ftrong  ftone  wall,  to  the  fouth 
end  of  the  town,  where  was  a  battery  of  cannon,  but  too  far  from  the 
mole  to  be  of  any  fervice  in  defending  it. 

The  Englifh  ftretch'd  a  cable  from  the  mole-head  to  the  redent,  the 
ends  being  bent  to  two  fheet  anchors,  and  to  this  cable  they  lafhed 
their  /pare  yards  and  top-majls.  Upon  the  mole-head  was  planted  fix  of 
the  Shandois's  guns  to  flank  the  boom,  and  this  battery  was  committed 
to  the  care  of  fome  Englifh  feamen,  who. behaved  themfelves  very  well. 
The  commanders  intended  to  plant  fome  guns  at  the  other  end  of  the 
boom,  upon  the  redent,  but  being  obliged  to  go  thro'  the  caftle,-  the 
draw-bridge  broke,  and  down  went  the  firft  gun  that  came  upon  it,into 
a  ditch  near  forty  feet  deep,  with  fome  of  the  Shandois's  men ;  by  this  it 
may  be  judged  in  what  condition  the  Spanifh  works  and  garifon  were. 

This  was  the  pofture  things  were  in,  when  the  French  came  mtQ^the 
bay  with  fourteen  or  fixteen  men  of  war  and  two  bomb-ketches ;  and 
ftanding  within  fhat  of  the  caftle,  the  Spaniards  fhewed  their  dexterity  in 
managing  their  ordnance,  by  firing  about  one  fhot  in  half  an  hour.  Tha 
commanders  perceiving  their  aukwardnefs,  fent  a  quartermafter  from  on 
board  the  Shandois,  and  the  gunner's  mate  of  the  Loyalty,  to  their  af- 
fiftance,  and  fome  dozens  of  cartouches ;  but  thro'  want  of  judgment  in 
the  Spaniards,  they  were  both  blown  up.  All  this  time  not  a  fhip  could 
bring  a  gun  to  bear,  and  fo  without  any  damage  the  enemy"  pafled  by  into 
the  bay  where  they  anchored.  >■, 

In  the  afternoon  they  fentdowntwomettof  war  to  view  in  what  pofture  the 
fhips  lay  j  as  foon  as  they  came  within  fhot,  the  Englifh  fired  brifkly  at  them, 
buf  before  many  broadfides  were  returned,  they  flood  away  to  their  fquadron, 

and 
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and  continued  quiet  that  day :  Next  morning  a  fhip  of  upwards  of  fifty 
guns  came  towards  the  boom,  and  it  proving  calm  when  fhe  came  within 
fhot,  there  was  pretty  brifk  firing  on  both  fides,  on  which  file  endea- 
voured to  tow  off,  but  her  boats  were  funk  from  the  battery  on  the  mole- 
head,  and  had  not  boats  come  from  the  fquadron  to  her  afliftance,  (he  had 
moft  certainly  been  funk,  having  above  100  cannon  playing  upon  her 
from  the  Englifh.  The  enemy  rinding  fuch  entertainment  provided  for 
them  before  the  boom,  fent  off  four  men  of  war  and  the  two  bomb-ketches  y 
who  lying  to  the  fouthward  of  the  mole,  and  firing  over  it,  raked  the 
EVigliih  fore  and  aft ;  who  on  account  of  their  former  difpofition  could  not 
bring  one  gun  to  bear  upon  the  enemy,  neither  from  the  four  fhips  nor  from 
the  mole  ;  under  thefe  circumftances,  the  commanders  judged  it  beft  to 
fink  the  fhips.  In  the  evening  the  French  flood  out  of  the  bay,  and  next 
day  flood  in  again;  and  having  pofted  fome  men  of  war  and  their  two 
bomb-ketches  againft  the  caftle  and  mole,  they  fent  in  a  ftorefhip  they 
had  turned  into  a  firefhip,  and  burnt  the  upper  works  of  three  finking 
fhips ;  for  the  Italian  merchant's  forecaftle  being  under  water,  faved  the 
Shandois. 

210.  Difpofition  of  the  Englijh  fleet  at  Cadiz  1 695. 

The  1 6th  of  October  Sir  George  Rooke  arrived  in  the  bay  of  Cadiz 
with  the  fleet  under  his  command,  and  on  the  21ft  it  was  refolved  in  a 
council  of  war,  that  as  there  were  but  30  fhips  of  the  line,  which  was 
not  a  force  fufficient  to  oppofe  the  enemy,  who  were  expected  to  be 
above  double  that  number,  all  that  could  be  propofed  till  the  fleet  fhould 
be  reinforced  from  England,  was  to  protect  the  trade :  But  left  the 
French  fhould  appear  at  Cadiz  before  this  reinforcement  arrived,  it  was 
agreed  that  the  fhips  fhould  be  removed  within  Puntal  caftle,  and  formed 
in  three  lines ;  which  was  all  that  could  be  done,  the  fhips  being  in  ge- 
neral but  half  manned,  and  the  Dutch  fhips  very  foul. 

Thefe  three  lines  were  to  be  as  follows :  The  firft,  to  confift  of  the 
largeft  Englifh  fhips,  to  lie  from  Puntal  thwart  the  channel,  to  the  creek's 
mouth  called  Truccadero,  next  within  the  north  caftle :  The  fecond,  to 
be  compofed  Of  the  fmalleft  Englifh  and  Dutch  fhips,  along  the  fhoal  on 
the  fouth  fide  of  the  harbour  :  And  the  third,  to  be  of  the  largeft  Dutch 
fhips,  to  begin  from  the  upper  end  of  the  fecond  line,  and  to  trench 
away  thwart  the  channel,  to  the  mouth  of  the  upper  creek,  which  goes 
ro  Port  Real;  and  the  fmall  frigates,  bomb-veflels,  and  firefhips,  were  to 
be  pofted  to  the  beft  advantage,  as  the  wind  and  other  circumftances 
might  permit.  However,  the  fleet  was  not  attacked,  and  about  the  mid- 
dle of  March  Sir  George  put  to  fea  on  his  return  to  England,  and  arrived 
in  the  Channel  the  22d  of  April. 

2u.     Fortifications  in  the  harbour  of  St.  John  in  Newfoundland  1697. 

Commodore  Norris  being  fent  with  a  fleet  to  recover  Hudfon's  bay,  put 
int6  the  harbour  of  St.  John  in  Newfoundland,  upon  hearing  a  large 
French  fleet  were  upon  the  coaft  of  North  America;  and  not  knowing 
the  ftiength  of  the  enemy,  he  judged  it  prudent  to  fecure  his  force,  that 

it 


MARINE  FORTIFICATION.       671 

it  might  be  employed  in  the  fervice  he  was  fent  on.  He  therefore  put 
his  fquadron  into  a  line  of  battle,  which  was  compofed  of  four  fourth 
rates,  two  fifth,  and  two  fixth  rates,  with  two  firefhips,  two  bomb- 
veffels,  and  a  hag  boat :  Two  booms  were  laid  acrofs  the  harbour,  and 
Colonel  Gibfon's  regiment,  that  was  carried  by  the  fquadron  from  Eng- 
land, were  embarked,  and  feveral  guns  mounted  on  the  batteries  afhore. 

When  the  French  fquadron  came  in  fight,  the  foregoing  difpofition  was 
altered  :  All  the  men  of  war  lay  in  a  half  moon  to  the  harbour's  mouth  ; 
and  each  (hip's  broadhde  commanded  the  two  booms :  Colonel  Gibfon's 
regiment  was  ported  at  the  two  batteries,  and  about  the  harbour's  mouth, 
and  Captain  Richards  (who  was  the  engineer  for  fortifying  the  harbour) 
was  making  fuch  works  as  he  judged  neceflary  on  this  occafion ;  and 
that  the  fquadron  might  be  better  able  to  do  fervice,  all  the  men  were 
taken  from  the  merchant  mips  and  put  on  board  them. 

The  French  fleet  made  no  attempt  on  the  harbour;  but,  on  the  con- 
trary, were  glad  to  find  that  the  Englifh  had  been  mifinformed  of  their 
flrength,  and  fo  ihaped  their  courfe  for  Europe. 

212.  The  battle  of  Vigo,  in  the  year  1702. 

Monfieur  Chateau- Renault  arriving  early  in  September  at  Vigo  in 
Gallicia,  with  the  Spanifh  galleons  under  his  convoy,  received  informa- 
tion of  the  Englifh  and  Dutch  fleets  being  before  Cadiz ;  of  which 
timely  intelligence  he  made  all  the  advantage  he  could  in  preparing  for 
their  reception. 

In  the  upper  end  of  Vigo  bay  is  a  river  running  into  the  bay  ;  up  this 
river  is  Redondella  harbour,  which  is  furrounded  with  hills  in  fuch  a  man- 
ner, as  to  be  capable  of  being  made  very  frrong,  the  harbour's  mouth 
not  being  above  a  mufket  fhot  over.  On  the  north  fide  the  entrance  was 
a  battery  of  eight  brafs,  and  twelve  iron  guns,  and  on  the  fouth  fide  a 
platform  with  twenty  ftately  brafs  guns,  and  twenty  good  iron  guns,  be- 
fides  a  ftone  fort,  with  a  trench  about  it,  mounted  with  ten  guns,  and 
defended  by  500  men.  A  little  above  the  battery  on  the  right,  from  two 
points  in  a  narrow  gut,  was  ftretch'd  a  cable,  to  which  was  lafhed  mafts, 
yards,  cafks,  c5V.  with  their  top-chains,  and  frap'd  about  with  four  inch 
rope  very  thick  :  The  bight  of  the  boom  was  rid  by  three  anchors  down 
the  ftream,  that  fhould  the  Englifh  fhips  come  ftemlings  againft  it,  they 
might  not  bring  home  the  anchors  upon  the  fhelf  at  the  end  of  the 
boom  ;  or  if  they  cut  it  in  one  place,  the  whole  might  not  be  open  : 
To  flank  the  boom,  there  was  moor'd  the  L'Efperance,  a  (hip  of  feventy 
guns,  on  the  fouth  fide,  and  the  Le  Bourbon,  a  fhip  of  feventy-fix  guns* 
on  the  north  fide ;  alfo  five  men  of  war,  of  fixty  and  feventy  guns  each, 
lay  moor'd  with  their  broadfides  flanking  the  gut.  The  French  admiral, 
to  give  him  his  due  commendation,  had  taken  all  human  precautions  to 
fecure  his  fleet. 

When  the  confederate  fleet  came  before  the  place,  Sir  George  Rooke 
called  a  council  of  war,  and  it  was  refolved  to  attempt  the  forcing  of 
the  harbour  the  next  morning.  As  foon  as  the  land  forces  were  got  on 
fhore,  the  12th  of  October  in  the  morning,  the  admiral  gave  the  fignaL 
to  weigh,  the  line  was  formed,  and  the  fquadrcn  was  brifkly  bearing  up 
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to  the  boom ;  but  when  the  van  was  got  within  fhot  of  the  batteries,- 
it  fell  calm,  fo  that  they  were  neceflitated  to  eorhe  to  anchor  :  How- 
ever, a  frefh  gale  fpringing  up  not  long  after,  Vice-admiral  Hopfon,  in 
the  Torbay,  being  next  the  enemy,  immediately  cut  his  cables,  clapt  on 
all  his  fails,  and  bearing  up  directly  againft  the  boom*  amidft  all  the 
enemy's  fire,  broke  thro' it  at  once,  caft  anchor  between  the  L'Efperance 
and  Bourbon,  and  with  unparallel'd  refolution  received  feveral  broadfides 
from  them.  The  reft  of  Vice-admiral  Hopfon's  divifion,-  and  Vice-ad- 
miral Vandergoe*s  with  his  detachment,  having  weighed  at  the  fame  time,; 
failed  abreaft  towards  the  boom,  to  add  the  greater  weight  and  force  to 
the  (hock,  but  being  becalmed  they  all  ftuck,  and  were  obliged  to  hack 
and  cut  their  way  thro' ;  but  a  frefh  gale  blowing  again,  the  Dutch  Vice- 
admiral  made  fuch  good  ufe  of  it,  that  having  hit  the  pafiage  which  the 
valiant  Hopfon  had  made,  he  went  boldly  in,  and  made  himfelf  mafter 
of  the  Bourbon.  All  this  while  Admiral  Hopfon  was  in  great  danger,  for 
being  clapt  on  board  by  a  French  firefhip,  whereby  his  rigging  was  pre- 
fently  fet  on  fire,  he  expected  every  moment  to  be  burnt;  but  it  very 
fortunately  fell  out,  that  the  French  fhip,  which  indeed  was  a  merchant- 
man laden  with  fnufF,  and  fitted  up  in  haft  for  a  firefhip,  being  blown 
up,  the  fnufF  in  fome  meafure  extinguished  the  fire,  and  preferved  Hop" 
Jon's  fhip  from  being  confumed,  which  however  received  very  confider- 
able  damage  in  this  action  :  At  the  fame  time  Captain  Bokenham,  in  the 
JJfociation  of  ninety  guns,  laid  his  broadfide  againft  a  battery  of  feventeen 
guns  on  the  left  fide  the  harbour,  while  Captain  IVyvcll  in  the  Barfieur, 
a  fhip  of  like  force,  was  fern  to  batter  the  fort  on  the  other  fide.  Thus 
for  a  long  while  there  was  a  confiderable  firing  of  great  and  fmall  mot 
on  both  fides,  till  the  French  admiral  feeing  the  platform  and  fort  in  the 
hands  of  the  Englifh,  his  firefhip  fpent  in  vain,  the  Bourbon  taken,  the 
boom  broke,  and  the  confederate  fleet  pouring  in  upon  him,  he  fet  fire 
to  his  own  fhip,  and  ordered  the  reft  of  the  captains  under  his  command 
to  follow  his  example,  which  was  done  in  great  confufion  ;  yet  could  he 
not  be  fo  punctually  obeyed,  but  that  feveral  men  of  war  and  galleons- 
were  taken  by  the  Englifh  and  Dutch. — In  this  action  it  fhould  be  ob- 
ferved,  that  the  fuccefs  of  the  fleet  was  in  a  great  meafure  owing  to  the 
land  forces  under  the  command  of  the  Duke  of  Ormond,  who  not  only 
drove  away  feveral  bodies  of  troops  deftined  for  the  defence  of  the  fhore, 
but  alfo  took  the  caftlc  and  platform  on  the  fouth  fide,  which  might 
©therwife  have  done  great  damage  to  the  fleet. 

There  have  been  in  the  laft  war  feveral  gallant  attempts  made  on  for- 
tified harbours,  fuch  as  thofe  of  Admiral  Vernon  at  Porto-bello,  and  Car- 
thagena ;  of  the  Admirals  Anfon,  Warren,  Knoivles,  and  other  brave 
officers  ;  and  alfo  feveral  booms  have  been  fet  up  in  different  harbours  j 
but  as  thefe  tranfactions  are  frefh  in  every  one's  mind,  and  the  accounts 
of  them  common  enough  to  be  met  with,  they  are  here  omitted  :  But  it 
fhould  be  obferved,  that  all  the  booms  which  have  been  lately  fet  up, 
were  placed  oblique  to  the  ftream  ;  and  is  now  become  a  general  maxim 
among  the  marine  officers. 
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